= =

(‘CDNSULTANTST INC.

(‘
1 D
— 1 Y
B2 8
R

GEOTECHNICAL AND
WATER RESOURCES ENGINEERING

PRELIMINARYDESIGNREPORT

SOUTHBOULDERC REEKREGIONAL DETENTIONPROJECT

BoOULDERC OUNTY, COLORADO

Submitted to
City of Boulder
1777 Broadway
Boulder, Colorado 80302

Submitted by
RJH Consultants, Inc.
9800 Mt. Pyramid Court, Suite 330
Englewood, Colorado 80112
303-225-4611
www.rjh-consultants.com

July 2022
Project 16134

Robert J. Huzjak, P.E.
Project Manager


http://www.rjh-consultants.com/

Preliminary Design Report - South Boulder Creek Regional Detention Project

July 2022
TABLE OF CONTENTS
=T e = O] N 1 = N T I
LUST OFA BBREVIATIONS .. et titit ittt et et en eaease s ea s e eare e s et s s sea et aeas s sarensa e snresnssnrnsens VI
SECTIONL - INTRODUCTION. ...ciiiiiiittiiiie ettt s bbb e e e s n e e nar s 1
1.1 PURPOSE ANDO BIECTIVES. .. ittittniitteittiettestttiesstaesstasstasesa sttt s st ssatesaa s st ssasetnsssasstnseresnssees 1
1.2 BACKGROUND ...covuiiiiitteiitieeeete e e e et e e st e e e eat s e s s st e e s e baeseseeaa s eesaaaeesaba e e eaanseseesaansesebnssssennseseren 1
1.3 S ol0] 2T @ = = AV To] = N 2
1.4 [ O =T I = 2T ST @ NN =1 TR 3
SECTIONZ - PREVIOUSSTUDIES ANDREPORTS.......uutiiiiiiiiiiiiiiiin s et s 5
2.1 (=N 5
2.2 FLOOD MAPPING STUDY....ituiiituiettittteett et e ee st ee e ste e st s et e st e e et e eeaastba s e st esanesstssranssbansesnserans 5
2.3 (OF 0] N[0 = = W B =S (€] = =10 ] i PR 6
SECTIONS = EXISTING C ONDITIONS. 1.ttt tuteenteeneeeneesensas renenseneasenssseenseenrerens aenrensnrenensens 7
3.1 [ = =Y PP 7
3.2 UNIVERSITY OIC OLORADO BOULDERSOUTH C AMPUS.....cuttiieiiiitee ittt ettt e e et e et e s e ranesenes 7
3.3 OPENSPACE AND MOUNTAIN PARKS . ..ot ittt ettt ettt e et e s e st e s e s et s es st e saae s st s eenerannas 9
34 C OLORADO DEPARTMENT OFRANSPORTATION. . .uutttuittettneertertnesersnesstersneesteeesneestaeesnieesanesennns 9
35 SOUTHBOULDERC REEK. .11t tttuiitteititetietttee ettt e et e st e st ss st e saaes st e e st e saa s st s esassbnsesaessrnesrnens 10
3.6 BT = = O 7Y ] T 10
3.7 IRRIGATIONDITCHES ANDLATERALS ...ccvut ettt ettt e ettt e et ettt e ettt e e e e et e e e saae s e s abe s e e saarererneeeeranss 11
3.8 SUBSURFACHT ONDITIONS .. ittt tttettteeett e et eett s eeeaa e st sesa s saa e e st e saa s st es st seanssstseanssransesnsernrnseens 11
SECTION4 - PROJECTDESCRIPTION....cciiiiiiiiiiiiiiii it e e 12
4.1 [ = =Y P TN 12
4.2 EMBANKMENTDAM .ouuiiiiiiii ettt ettt e et et e et e et e s s e s aa e e ea e s aa s st e s sb s eba e sebaessnastanees 12
4.3 RS =T IR Y7 2 13
4.4 G ROUNDWATERC ONVEYANCE SYSTEM .uuiitutittniittntitntetustsniesesnsesssesnseraessnsetsnessnssssersneesneees 13
45 (@ R = /AT @] =1 14
4.6 S = BT Y (1NN =N 14

@ﬁ“ M i
,stJ‘ 7

W —

=
TS, INC. 16134_22-07-07_SBC_Preliminary_Design_Report

(

CONISULTA



Preliminary Design Report - South Boulder Creek Regional Detention Project

July 2022

4.7 STEGRADING AND ACCESS....eutteteeiuteauteesteesitesseesteesteeaseeasbeesbeeaseeasbesbeesbeesabeanbeesbeesanesnbeebe e 15
4.8 ECOLOGICAL MITIGATION AND RESTORATION .....cctieiiiiiirirreeireresaritreeeeesesssssinrsneeeneeessnnnnnneees 16
SECTIONS - DATA COLLECTION......uuitiiiiiieeiiiibiiii e e s b s 17
51 GENERAL .ttt ettt oottt e e e e e e e e e e e e oo ettt e e e e e e a e e e e e e n e e e e e e e e nenee 17
5.2 TOPOGRAPHIC SURVEY....c.uttettiittteuttanteeateesteabeesteesabe e beesbeess bt besbeesabeebeesbeeshneebeenaeeseeenbeebeas 17
5.3 SUBSURFACEUTILITYENGINEERING INVESTIGATION .....ttiteesiieenteesteesiee et e stee i abe e b sene e eeee e 17
5.4 G EOTECHNICALINVESTIGATIONS. ....cetteitteesteesttessteetesteessseesbeesbeesaseasbeesbeeseessseenbeesbeessneenneenneeas 18
55 ENVIRONMENTALINVESTIGATIONS.....ttettieeetiiiittreretetesiirreseeene e s s s s e s e s esnnrreseeene e e s e ssesnnnneees 19
55.1 GBNETAL . 19
5.5.2 Wetland and T&E SUIVEYS ....uuueeiiiiiiie e s 20
55.3 ULTO SUINVBY S .ot 20
554 CURUIAl RESOUICES  ...eeiiiiiieiie sttt e e n e e e s nnne e 21
SECTIONG - SUPPLEMENTAREPORTS. ...utiiiiiiiiiiiiiiiiie st et e 22
6.1 GENERAL etttk e e oot ettt e e o4 4o o e e e e e e ettt e e e e e e a e e e e e e e a e rr e e e e e e e neana 22
6.2 HYDROLOGY REPORT. ...t 22
6.3 PHASEIAND PHASEII GEOTECHNCAL DATA REPORTS......uttiiiiiiiiiiiiiiiiie e 22
6.4 BASELINEG ROUNDWATERM ODEL REPORT......cuttiiiiiiiiiiiiiiiieiiis st 22
SECTIONT - BASIS OFDESIGN......cciiiiiiiiic ittt e s 25
7.1 L =N PP P PP OPPPPPPRPPPRRI 25
7.2 REGULATORYAGENCIES. ... it i ii et e ettt ettt e e e e e e e e e n e 25
7.3 PROJECTSTAKEHOLDERS. ....ciiiiiiiiitittetit et e sttt e e s et e e s e s s st b e e e e e e e s s e s bbb e e e e e e e e s snraeeenes 26
7.4 STATEREGULATORYSTATUS ¢ 1ttttiiieii ittt et s s sttt s e e s et r e s e s s sb b b e e e e e e e e s s s a b e e e e e e e e s srnne s 26
7.4.1 JUMSAICTIONAI SIZE ..ot 26
7.4.2 Hazard ClassifiCatioN .........cooiiiiiiiie e 27
7.4.3 Hydrologic Hazard Classification  ..........cccooiiiiiiiiiiiecie e 27
7.5 DESIGNC RITERIA. .« ettt e e e ettt e et ettt e e e e a4 s s e bt e e e s e e e b e e e e et e e e e e e s b e e e e e e naannnrnnneees 28
7.5.1 R CTo U1 F= 10) 4V O 111 ] o I- R PP UTUP PP 28
7.5.2 LA (@Y g T=T o N O 4 (= 4 - PP PRI 32
7.5.3 CU Boulder REQUIFEMENTS  ...ooeiiiiiiiiiiiie ettt e e 34
7.5.4 Dry Creek Ditch No. 2 Company Requirements  ....oooceeiiiiiiiee e 34

I\

R

-

e

S= )T S e

CONSULTA

zZ

TS, |

o\
[t
v

{'\I.

1

C. 16134_22-07-07_SBC_Preliminary_Design_Report

P



Preliminary Design Report - South Boulder Creek Regional Detention Project

July 2022

SECTION 8 - GEOTECHNICAL SITE CONDITIONS ....ovtiiiiiiiiiiiiiiiiie et e 35
8.1 GENERAL ettt ettt ettt e e e oo e e e e e e e e ettt e e e e e e a e e e e e e r e e e e e e e nenee 35
8.2 PR 35
8.2.1 GBNEIAI ..t 35
8.2.2 US36 EMDanKmMENt Fill ........oooiiiiiieieee e 35
8.2.3 CU Boulder South Campus Fill ........c..ooiiiiiiiiiiiie e 35
8.2.4 LEVEE Fll ..ttt e e e e e e e e e e e e s ab e e e e e ae e e e e anae 36

8.3 E N1 P ST 37
8.4 PIERRESHALE ...t itteteeiee et etee et eee sttt e s bt es e te e st e aeem e seem e e eeees e sbees e e et em e e beeneeeeaneeseeeneeneeeneeneeas 38
8.5 G ROUNDWATER. ....ctttie ettt e ettt e e e e s st e e e e e e s sb b b e e e e e e e e e s s e e bbb e et e e e e e s s sbbbaeeeneaesessannns 38
SECTION 9 - HYDRAULICMODELING. ....cutiiiiiiiiiiiiiiiiie s e snnnann e 40
9.1 GENERAL etttk e e oot ettt e e o4 4o o e e e e e e ettt e e e e e e a e e e e e e e a e rr e e e e e e e neana 40
9.2 PRELIMINARYC ORRECTEDEFFECTIVEVIODEL. ....cevetiieeiiiiiitiiieeeees et e ete e e s s ee e s ennnnnneee s 41
9.3 PRELIMINARYPROPOSEDC ONDITIONSMODEL ...cccviiiiiiiiiiriiiiiiie et 44
9.4 ALTERNATEEXISTINGC ONDITIONSIMODEL.....0eviiiiiiiiiiiitiiiiciie st 49
SECTION L0 - DAM BMBANKMENT. ....ceiutiieitiieaitieesiiee s eessteaesiteessteeeaseeesnbee e eeesneeeennneeanes 52
F0.1 G ENERAL uuttttttittt e e et e ittt ee ettt ettt e e 44 e e et e e e e e e et e e e e e e et e n e n e et e e e e e 52
B0.2  ANALY SES . utttttitttteeeie ittt e ettt et et e e a4 e ettt e ettt e e e e e e e e et aa e e et e e e n e 53
10.2.1 LCT=T 01T = | PP PROPPPI 53
10.2.2 Wave Runup, Spillway Routing, an d Freeboard .........cccccoooiiiiiiiiiiiiii i, 53
10.2.3 Material Properties ....ocooooeiiiiie e, 54
10.2.4 Seepage and Slope Stability ANAlYSES ..o 54
10.2.5 SeiSmMIC DefOrMAatiON  ......c.ueiiiiiiiie e s 57
10.2.6 107 10 1] 1= PP PROPPP 57
10.2.7 Upstream Slope Protection ... 57
10.2.8 Downstream Slope Protection ... 58
SECTION LT = SPILLWAY. ¢ttt ettt ettt e e e e e e e e et eeeee e et e e e e ee e b es 59
3 R € =l N1 S TP T PP PP P PP PPPP 59
T11.2  SPILLWAYWVALL. cetttee ettt ettt ettt e e e et e e e e e e e e s e e e e e e e e s e bn e e e e e e e aeannnr e e e s 59
11.3  SPILLWAYFOUNDATION ..uttttititteetiestitreeee et e e eitrasse et e e e e s e s et e et e s ss bbb ettt e e e e s e saabnan e e e reeesernrneneees 60

“@‘! i
AIH
SAWIY”

W

=
TS, INC. 16134_22-07-07_SBC_Preliminary_Design_Report

(

CONISULTA



Preliminary Design Report - South Boulder Creek Regional Detention Project

July 2022

11.31 (11T oI 0T o =\ 1o o PSSP 60
11.3.2 Shallow FOUNAALION  ....eeeiiiiiee ettt e e e e e e e e e e e e 61

114 SPILLWAYAPRON ittt e e e ettt e et e e e e e e e s e e e a4 e e s ettt e e e e e e s e e e e e s e e 62
11.5 ABUTMENTCONNECTION TOUSSBB......ceiiiiiiiiiiiiiiiiiiie ettt e e e e e 63
SECTION12 - GROUNDWATERCONVEYANCE SYSTEM..cvuiiiiiiiiieiiieeiieeeanee senieeenneesnneeenneens 65
D N € = ] Y PR 65
12.2  SPILLWAYG ROUNDWATERC ONVEYANCE SYSTEM....utiueiiteiueesteaseesteaseeseaneeseeaneesseeneesseensessesesnens 65
12.3 DAM EVMBANKMENT G ROUNDWATERC ONVEYANCE SYSTEM.....ccciiiiiiriiiiiiieneseinreeeeee e e 67
124  GROUNDWATERC ONVEYANCE SYSTEMDISCHARGES.......utttittieeeiiiiiirnreeensinsnnneeereeessssasnnnneneees 67
12.5  GROUNDWATERMODELING ....cooiiiittitiiiiiee e s st r e e e a e e e innraae s 68
125.1 Baseline Groundwater Modeling ..o 68
12.5.2 Preliminary Design Modeling ..., 68
125.3 Groundwater Modeling - CONCIUSIONS ....cccoiuiiiiiiiiiiee it 71
SECTION L3 - OUTLETWVORKS.....cciiiiiiiiieietitittti e e e e e e e e e e e e e e e ees s seensnenn s 73
L13.1  GENERAL cuutttttettt e e et e ettt ee ettt ettt e e 44 e e e et e e e et e e e e e e e e et e n e a e e et e e e e e 73
13.2  INTAKESTRUCTURE.......uuuttiiiiiiie ettt e et r e e e s s e et e e e s s s s bbb e e e e s s bbb reee e 73
R R O 0] 0T PP 74
13.4  OUTLETSTRUCTURE ANDDISCHARGECHANNEL ....ccttiiitiiititieeeeeeeeesitnnee et e e e e s e eeneee s e nnnnneeeens 75
SECTION LA - SITEDRAINAGE ... ittt e et e ettt e et e e e e et et e e e e eeeaa e e e 76
I R € =l N1 SO PP P PP PPPP 76
T14.2  VIELECHANNEL....ciiiiiiiiiitttti ettt e e e e s e e e e e e s s s s e e e e e e e e s s e e e e e e e e e s s searreae e 76
14.3  DRYCREEKDITCHNO. 2 .oiiiiiiiiiiiiiiiiiiiee ettt 77
144 WILDLIFECROSSING ... .uuuttttiitieeeiiiiitttreie s sstas et r e e e s e s s e e e e e s s s b b e e e e e e e e e s s s b b e b e e e e e s s anbreaeees 78
T4.5  USSBBCULVERTS...ceeiiiiitttttttetee e e e e sttt e e e e e s et e e e e e e s e ettt e e e e e e s e et e e e e e e sa e nae e e e e e e aeannnreneees 79
T4.6  CU BOULDER.....ccttiitiiiiiitttttttee e e e ettt e e e et e ettt e e e e s et e ettt e e e e e e s b e et e e e e e e s are e et e e eeeenesnnnrnneees 79
SECTION1S - STEGRADING AND ACCESS ... ciitiiiieiiiitiiiiiiaaaaas saeaaaaeeeeeeaeeeeeeesenennnnnan enees 80
L15.1  GENERAL . cuuttttiiittt ettt et e e e et e e e e e e e s e e et e e e n e 80
15.2  STEGRADING ..eeiiiiiieiie ittt it e e e e sttt e e e e s sttt e e e et e sr e ettt e e e e e e s e et e e e e e e s e ar e et e e ne e e n e 80
1521 Detention EXCAVALION  ...oooiiiiiiiieie ettt e e e e e e e 80

V=
\ ll\ l’\
 —
{'\l v
~~7

<

R

S= NI O ~=

CONSULTANTS, |

Z
P

C. 16134_22-07-07_SBC_Preliminary_Design_Report



Preliminary Design Report - South Boulder Creek Regional Detention Project

July 2022

15.2.2 Miscellaneous Site Grading  .....cceveeeeiiiiiiiiiiieece e e e e e e e e e e e e eenees 81

15,3 T EA CCESS ittiiiiiiii ettt e ettt e e e e e et e e e et e n e e e 82
1531 SOULN LOOP DFIVE ..ottt ettt e e e s bt e e e s sbee e 82
15.3.2 SIte ACCESS ROGUS ....eiiiiiiiiiie ittt et e e e s b e e e s snnee e 82
15.3.3 MU -USE TraIL ...t 83
SECTION16 - ENVIRONMENTALPERMITTING MITIGATION AND RESTORATION.......ccvvviireenne 84
16.1  ENVIRONMENTALPERMITTING. ...c.ttiuieitstieteateatestesteaneestesneeseeaseesteeseessessesseaneesseaneeseeaneesseeseenes 84
16.1.1 Clean WALET ACE ettt ettt e et e e e e b e e e s abeeeaa 84
16.1.2 City of Boulder Wetland Permit  ........ooiiiiiiiiiii e 85

16.2  ENVIRONMENTALMITIGATION AND ECOLOGICAL RESTORATION.......cuvviiiiiieeiiiiiriiiie e 85
SECTION17 - OPINION OF PROBABLEC ONSTRUCTIONCOSTS . ..uvveeivieeiieeasieeesnrees seeesneeeans 86
L17.1  GENERAL ittt ittt e e e e e e e e e e e e r e e e 86
17.2 BASIS OFC OSTOPINION ....uttttiiitetesaiaaistre et e ee sttt e e e s e s re e et e e nn s e e e e e e e s e sa s nnneeeeeeeennnnees 87
SECTION18 - CONSTRUCTABILITE ONSIDERATIONS ....cciiiiiiiiiiiiiiie et e 89
R R € = N = = PP PP PRPP 89
18.2  CONTRACTORSTAGING ...vvviiiiieiiiiiiitittittie e s sibas ettt e e e e s s s e e e e e s s s b b e e e e e e e s s s s bbb e e e n e e e s s srbaaeeees 89
18.3  EARTHWORKBALANCE .....ttiiiiiiiiiiiiiitie ittt r e e s st b e e r e e sbb b e e e s 89
18.4  OVERSIZEDPARTICLES . ...uutitiiiieiiiiiiitttsei et sttt e e e s st e e s e s e e e e e e e e e s bbb eer e e e nb b e eee s 90
18.5  CONSTRUCTIONWATER.....ctttttettiaitttttrettteeesraree ittt eeessaaseb e et e teeas s ee ettt teeeae s nnrnreeeeeeesannrneneeens 91
18.6  CONSTRUCTIONSPACE CONSTRAINTS .itiittiiiitttreeietteeasasrreeteeessssinarreeteeaesssasneeeeeeesnssnnnreneees 91
L18.7  DEMOLITION . ..tttitiiiieiiiiiitittit it ettt e e e e e s s e e e e e s bbb e et e e e e s s s b bbb e e e e e aesebbba e e e e e ee e e s e seenrereees 92
L18.8  TUNNELING.....utttitiiie ettt ettt ettt e e e e s bbbt et e s bbb e et e e e e e e s bbb e e e e e s e bbb e e e e e s e e e s s s aaanrere e s 93
18.9  IRRIGATION AND FARMING OPERATIONS ... ...ccuuttiiiiiiieiiiiiiiriie et e e 93
18.10 FLOOD PROTECTION.....uuutttttttteeeiaaaiitttteeess sttt e ee s e s aass e et es e s s b e et e e e e e e e s asnnnre e e e e s s nnnneneees 94
18.11 GROUNDWATER ANDDEWATERING.....ccttttttiiitttrtetteteeesstsseeeteeessssannnreeeeeaesesnnnnneeeaeeesssnnnneneees 95
18.12 OTHERCONSTRUCTIONSEQUENCING ....tuuuuiieeteettutieeeeseestuessnsansaeeseessssnnaeeseessssnssnnnaeesesssnnnnaes 96
18.13 TRAFFICCONTROL ANDSTEACCESS.....ciciiiiiiitiiiiiiiiie e s i ittt e e e s st e e s ree e e e e e 96
18.14  STERECLAMATION.....cuittttiiitie e e e ittt e ettt e e e s e s s ee e e s e s e e et e e e e e s s b e e ee e e e s nnnrneeees 97
SECTIONLO - REFERENCES. ... ittt eeiiiiiiiteeetetitis ettt e e e e e e et e e ee eeeeeeeeesenene b s 98

(@ ! Vv
1 D
—= 1 )
n Bl
g 4 L
( «S-“\ e ¥ N
TS, INC. 16134_22-07-07_SBC_Preliminary_Design_Report

CONISULTA



Preliminary Design Report - South Boulder Creek Regional Detention Project
July 2022

LST - TABLES

Table7.1

Required Mhimum Safety Bctas

Table 9.1 Hydraulic Modeling Scenarg
Tablke 9.2 Hydraulic Modeling Results (10¥ear)
Table 9.3 Peak Flow Rate [iferences
Table 101  Seepage ModdResults
Table 102  Slope Stability Model Results
LIST OFHGURES
Figure3.1  SiteVicinity Map
Figure3.2  Site Plan
Figure 3.3  CU Boulder South Campwd Land Use Dégnations
Figure 4.1  Plan of Prgect Facilities
Figure 5.1  Plan of Survey Limits
Figure 5.2  Plan of Subsurfze Utility Engineering Survey Limits
Figure 5.3  Composite Envonmental ResowresMap
Figure 9.1 Difference n 100-year Flood Depth between Effective Model and
Preliminay Corrected E#ctive Model
Figure 9.2  Difference in 106year Flood Depth between Pimginary Corrected
Effective Model and Proposed Conditions MbdScenario 8
Figure 9.3  Difference in100-yea Flood Depth between Preliminary Corrected
Effective Modeland Proposed Caditions Model- Scenario 9
Figure 9.4  Difference in 100year Flood Defit between Alternate Corrected
Effective Model (HEGRAS) and Peliminary Correted Effective Model
(MIKE FLOOD)
Figure 12.1 Simulated Proposed Conditions Scenario
Figurel2.2 Proposed Caditions Scenario Head ResultSlovember
Figure 12.3 Proposed Conditits Scenario Head Resuitsune
APPENDICES
Appendix A Juridictional Size ad Hazard Classificatioftvaluaion
Appendix B Hydraulic Modeling
B.1  Preliminary Proposeddhditions Hydralic Model
B.2 Alternate Corected Effective Model
Appendix C Geotechnid Analyses
C.1 Embankment Seepage and Stability MateriapBtces
C.2 Embakmert Seepage and Stéilby Andyses
Appendix D Spillway Analyses
D.1  Spillway GeostructurbEvaluaton

1 L

N\

==

CONISULTANTS,

1

NC.

Aﬁ(.m
R i
JIH
(N
& A

Vi

16134_22-07-07_SBC_Preliminary_Design_Report



Preliminary Design Report - South Boulder Creek Regional Detention Project
July 2022

D.2  Spillway Energy Dissipation Evaluation

D.3  Spillway Abutment Stakity Evaluation
Appendix E  Groundwater Modeling of Proposed@itions
Apperdix F Tunnel FeasibilityEvauation
Appendix G Site Drainage Analyses

G.1 Viele Channel Hydréogic Evalation (PMF)

G.2 Viele Channel Hydraulic Evaluation (PMF)

G.3  Dry Creek DitchNo. 2 Modifications
Appendix H Jurisdidgional Determnation

H.1  Request foApproved Jusdictional Determination

H.2  Approved Jurisdictional Determination
Appendix |  Cost Opinion Information
AppendixJ 30 PercenDesign DrawingsRrovidedseparately)

=)

)

vii
H

=
CONSULTANTS, INC. 16134_22-07-07_SBC_Preliminary_Design_Report

R

LY/



Preliminary Design Report - South Boulder Creek Regional Detention Project

July 2022

LIST OF ABBREVIATIONS

Abbreviation

ac-ft
ASCE
ASTM
BCS
BVCP
CDOT
CDPHE
cfs

City
CLOMR
cm/s
Collier

CORVUS
CRS 9-1.5

Cu
CWA
CY
DCD2
DCsS
DHI
El
ERO
FEMA
Flatirons
fps
Ft3/d
GPM
GPS
HDR

Term

Acre-Feet

American Society of Civil Engineers
American Society for Testing and Materials International
Base Construction Subtotal

Boulder Valley Comprehensive Plan
Colorado Department of Transportation
Colorado Department of Public Health and Environment
Cubic Feet per Second

City of Boulder

Conditional Letter of Map Revision
Centimeter per Second

Collier Geophysics, LLC

CORVUS Environmental Consulting, LLC
Colorado Revised Statutes, Title 9, Article 1.5
University of Colorado

Clean Water Act

Cubic Yard

Dry Creek Ditch No. 2

Direct Construction Subtotal

DHI Water and Environment, Inc.
Elevation

ERO Resources Corporation

Federal Emergency Management Agency
Flatirons, Inc.

Feet per Second

Cubic Feet per Day

Gallons per Minute

Global Positioning System

HDR, Inc.

Horizontal Flow Barrier

Horizontal to Vertical

Inflow Design Flood

Lithos Engineering

Letter of Map Revision

Milligrams per Kilogram

Mile High Flood District

NSO

CONSULTAN

3

S, INC.

viii

16134_22-07-07_SBC_Preliminary_Design_Report



Preliminary Design Report - South Boulder Creek Regional Detention Project

July 2022

Abbreviation
mph
MTMB
Muller
NWP
OPPC
OSBT
OSMP
0s-0
PFM
PGA
PK-U/O
PMJIM
PMF
Project
psi

PUB
PVC

QL
RCBC
RCP
Reclamation
RESPEC
Report
RJH
RMS

ROW
Rules and
Regulations

SAM
SBC
SEO
SHPO
SPT

ULTO
US36

Term

Miles per Hour

Microtunnel Boring Machine
Muller Engineering Company
Nationwide Permit

Opinion of Probable Project Cost
Open Space Board of Trustees
Open Space and Mountain Parks
Open Space - Other

Potential Failure Modes

Peak Ground Acceleration

Park, Urban, and Other

Pr e b Meadow Jumping Mouse
Probable Maximum Flood

South Boulder Creek Regional Detention
Pounds per Square Inch

Public

Polyvinyl Chloride

Quality Level

Reinforced Concrete Box Culverts
Reinforced Concrete Pipes

U.S. Bureau of Reclamation
RESPEC Company, LLC
Preliminary Design Report

RJH Consultants, Inc.

Root Mean Squared
Right-of-Way

Rules and Regulations for Dam Safety and Dam Construction

Surveying and Mapping, LLC
South Boulder Creek

Colorado Office of the State Engineer
State Historical Presentation Office
Standard Penetration Test
Subsurface Utility Engineering
Threatened and Endangered
Technical Report

Tons per Square Foot

Ute Lad i eTeesses Orchid

U.S. Highway 36

-

CONSULTA

I\

W
7\
§ [l
v

oy

AN ==

TS, |

Z
P

{'\I.

o~

C.

16134_22-07-07_SBC_Preliminary_Design_Report



Preliminary Design Report - South Boulder Creek Regional Detention Project

July 2022

Abbreviation
USACE
USFWS
WSE

2D

Term

U.S. Army Corps of Engineers
U.S. Fish and Wildlife Service
Water Surface Elevation
Two-Dimensional

W

- -~ e
CONSULTANTS, INC.

3

16134_22-07-07_SBC_Preliminary_Design_Report



Preliminary Design Report - South Boulder Creek Regional Detention Project
July 2022

SECTION 1 - INTRODUCTION

1.1 Purpose and Objectives

RJH Consultants, IndRJH) was retinedby theCity of Boulder (City) and Mile High Flood
District (MHFD) to provide engneering services fothe South BouldeCreek (SBC)
Regional Dé&entionPrgect (Project). The purposd the Project is to improve flaplain
resiliency in prtions d the Frasier Madows Keewaydin Meadows, and East Boulder
neighborhods from floods dginating along SBC up to a 16@ear flood @ent This
Preliminay Design Feport (Report) presents thesudts and conclusions of the preinary
design (i.e.30-percent).

The preliminary (36ercent) design is documented in this Report and theeB@entdesign
drawings (Appendix, boundsepaately). This Reporiand the dravings are complimentary to
eadt other and combined represent thep@@cent designfahe Project

The prdéiminary design presented in this Report is based onofggic and hydauic
modeling, our cuient undersanding of sbaurface and groundster conditons based on
initial and preiminary design site investigans, engineering aihyses tosupport
developnent of Project components, engineering judgment, angrenious expedance with
similar projets. Themformation n this Report will beefined anl modified during the final
design phase.

1.2 Background

Overthe past 80 year§BC hassignificantly floodedsix times. SBC has limited channel

capacity upstram of U.S. Highway 36 (US36)and US36vertops dting large sbrm events.
Overtoppng stormvater flows north and west td@w point on the UniversjtofCol or ado 6 s
(CU) BaulderSouh campugparcelnear US36 and Table Mesa Drive. In sufficiently large

flood events, stonwaterovertops US36rad floods &tensively tliough a portion of taCity

known as the West Valley thaicludes portions of the FrasiMeadows, Keewaydin

Meadove, ard East Boulder reighborhoods.SBC overtopped US36 in 1969 and 2013 and
floodedthe West Vdleyin 1938, 1950, 1969, and 2013

The City and MHFD retained RJH to prade engneering servicesor design ofa regional
stormwater deterdn facility atUS36. RJH, th€ity, and MHFD evaluated vaonus cacepts
thatcould reasondlp be implemented in #gvicinity of the US36 regionaletention faciliy
site to reduce the sk for overtopping of US3&luring a magr flood event while also

RdH
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addessing other Pyect requiremets. The m#hoddogy, results andconclusionsf the
conceptdesign work is presead in theSouth Boulder Creek Riegial DetentionConcept
Design Repor(RJH, 20®). The City seleted the Varant 1, Option 1 (10ear) corcept
presentedn the Concept Bsign Repdr(RH, 2020) ashe préerred altenative to advace
to preliminary degin.

1.3

Scope of Services

RJH peformed the follaving services for thergliminary design phase dhe Project

1.
2.

Managedand coordinated theark performed § RJH and our daconsulants

Suoported and articipated in me@ngs with key regulatgragencies ah
stakelolders including the Coloaido Departmerdf Transportation (CDOT),
Colorado Office of theState Enginer (SEQ, City of Boulder Operspace and
Mountain Parks (OBIP), U.S. Army Cops of Enginess (USACE), U.S. Ish and
Wildlife Service(USFWS), anathers.

Conducted Phase Il geotental investigtions that included drillinggxcavating test
pits, performirg ageoptlysical survey, perfoning field andaboratorytestng, and
prepariry a Phase IGeotechnical DatReport.

Collected and eVaated groumiwater data.

5. Developed baseline gnandwatemodsé (i.e., existing coditions)and prepared a

Baseline Groundwater Modeling Rert.

Performed topographicisveying toupdde the Project ks mapping and to support
hydraulic modehg.

Performeda subsurfae utility engineering(SUE) survey athincorporatel utility
information into Prgect base rapping.

Developed a Design Criteridemorandum tadentify and doumert relevant
operation§ maintenance, technical, and regulatory diter

Performedhydrologic analyses to develop thaflow DesignFlood (IDF). Prepaed a
Hydrology Report ad submitted to the BO.

10. Developed a PrelimingrCorrected Hective Modé in the MIKE FLOOD program.

11.Performed hydraulic modeling in the MIKE FLOORogram to suprt the

preliminary site layout ashsizing of Prgect facilities.

12.Performed geotectical andyses to support priehinary design of the emhkment.
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13. Perfamed geotechni¢agedcstructura) and hydraulic analyses to support preliminary
design ofthe spillway ad appurtenat structures.

14.Perfamed hydrauliand geotechial analyse$o support prelirmary desig of the
outlet works.

15. Performed geotdmicalandyses to supponpreliminary degyn of the barrier wall and
groundwater conveyance system.

16. Developed desigarawingsto 30-perent completedvel.

17.Preparecan American Society for Testing and Matals Internationa(ASTM)
E251611 Class JASTM, 2011)(i.e., budgetary leel) opinion ofprobable project
cost (OPP(Cfor the design.

18.Developed an Alternate CorrectEffective Model usinghe USACE HEGRAS two
dimension&(2D) computer proggm tomodelthe 100year eent. The Correted
Effective Model wasleveloped irthe MIK E FLOOD program

19. Performed fieldmapping of existingUttea di es 6 t r es s eacimensforhi d (U
the 2@1 survey season.

20.Prepared and submitted a Request @misdlictional Determination tdSACE.
21.Premred this Rport.

1.4  Project Personnel

The following RJH personneareresponsible for the work comteed in this Report:

Project Manger: Robet Huzjak, P.E.

Project Engineer: Eric Hahn, P.E.

Lead Geotechinal Engineer:Adam Prochaska, Ph.pP.E., PGV
Staff Engineers: Jacquelyn HagbenP.G.Y, E.I.

Samanth Guilli es, P.E.
Adam Merook, P.E.

Techical Review: Douglas Neighbors?.E.
Notel: Licensed in stas other than Colorado.

The work describeth this Report was completdry RJH as the pme consultat with
assisance from the fotlwing subconsultantéollectively referred to as the RJH am):

Hydraulic Modeling: DHI Water and Enwronment, Inc. (DHI)
RESPEC Company, LLC (RESPEC)
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EnvironmentaPemitting: CORVUS Enviromental Consulting, LC
(CORVUS)
ERO Resource Corporation (ERD
Surveying: Flatirons,Inc. (Flatirons)

Subsurface Utilig Engineering: Surveying and Mapgpg, LLC (SAM)

Detention Excaation Layout: Muller Engineering Company (Mier)
Tunnel Engineering: Lithos EngineeringLithos)
Cultural Resources: PaleoWest

Thework descibed in this Report vas overseen and coordinatgy the City and MHFD.
The Cityand MHFDteam include the folling persnnel:

City ProjectManager: Brandon Coleman, P.E.
City Dam SafetyAdvisor: Kevin Clak, P.E
MHFD Advisor: Jame Watt, P.E.
Kurt Bauer, P.E.
City Director of Pulic Works. Joe Taddeucci, P.E.

We would like torecaynizeand thank OSMP staff for thesupportthroughot the
developmenof the work contained in thiReport.
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SECTION 2 - PREVIOUS STUDIES AND REPORTS

2.1 General

Numerous [anning and engineeringtudies of SBC and surrounding arbage been
performel over the last several dages for the Cty, MHFD, andothers. The RJH Team
collectedand reviewd previous studigesncluding mapr drainageway masterapls, flood
mapping stidies, and hydrology repts. Previous studies by otherg documented in the
South Boulder Creek Reg@miDetentionConcept Degn Repot (RJH, 2020) and include
the following:

1 Comprehensive master plans deped in 2001 (Taggar001) and 2015 (CH2M,
2015) to identify and ealuate flood mitigation conceptsoay SBC.

1 Boulder Vdley Comprehensive Plan (B3P) update City of Boulderand Boulder
County, 2017) in Jul017, whichchanged the land use designasidor approximately
80 acres d@ the CU Bouleér South campus to factkte construction of the regional
stormwater detentioffiacility at US36. The BV@ CU BoulderSauth Guidng Rinciples
also provided directioto considemitigating flood risk to the Igihest practicable standa
while balancing emironmental, social, anfinancial impacts.

1 A Conditional Ldter of Map Revisio (CLOMR) prepared by PlemaRoads and
Michael Balker I., Inc. to document changes etSBC flooghlain resulting from the
US36 widening project.

A sumnary of previous studis elevant to prelimingrdesign is provided below.
2.2 Flood Mapping Study

HDR, Inc. (HDR) completed aotnprehensivelood mappig fudy that serves as the basis
for the Federal Emergency Management Age(feMA) regulatory floodplan. The HDR
study comsisted of three repts:

1 South Boulder Crek Climatology/Hyrblogy Repor{HDR, 2007).
1 South Boulder CrdeHydraulic Mockling Repat (HDR, 2008).
1 South Bouder Creek sk Assessent Repor(HDR, 2009).

The Souh Boulcer Creek Climatolgy/Hydology Reporevaluated baskspecific design
storms forboth the generakarm (i.e., longduration) and thunderstornm €., high-intensity,
shat-duration) precipitatiorevents foreturn frequencies ranging from 2 to 508ays.

RdH
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Various combinatins of spatial orientaons were e&luated to identify criticgbrecipitation
everns. In general, sirms containing the createmain stem pek flows wae determined to
occur inthe lower vatershedi(e., downstream of Gross Reséryo

Rainfallrunoff analyses were performe using a MIKE 11 model, whichispart@ H 1 0 s
MIKE FLOOD proprietary softwargrogram. MIKE 11 is a dyamc, onedimensional
hydrologic model. The watehed was dided into27 subbasinsand hydrologic
characterstics were devefmed fa each sudbasn.

Hydraulic modeling was performed usiagcombination oMIKE 11 and MIKE 2 models.
MIKE 11 was usd to model thechannel ad hydraulic structures ala@nthe maistem of SBC
and major tributaries. MIKE 2&as usd to model overha andfloodplain aras. The
following blockages were used imetFEMA regulator model at relevanstructures:

1 US36 bridge 8SBC: 10foot-wide obstuctions at both bridge pis (approxmately
20 percent blocked).

1 Dry Creek Dith No. 2(DCD2) culvert atUS36: 35 pecent bbcked.
1 Viele Channel culvert at US360 percent bloked.

Topograpic information wasdeveloped fronLiDAR dataobtained bythe City in 203. A
4-meter grid wasised todevelop the EMA regulatory model.

2.3 Concept Design Report

The RJH Teanperformed dta colledion, hydrologic and hydraulic modelingnd concept

level engineering aalyses to develop coaptlevd alternatvesto faciltat e t he Ci tyds
selectionof a prderred alterative to advance into prelimany desgn. The conceplevel
alternativesvere identified based on Project objectivesnstraints site conditions; pilic

and stakeholder inpuard City staf input. The altenatives were develeulfor the 100year

flood event500-yearflood event, and a flood everttetween the 109ear andb00-year

floods The alternaties are presented in th@oncept Design Report (RJH, 2020).

Corcept seledbn criteria were devieped by the RJH Team, tigty, and MHFDand
generallyincluded Project viability,technical, operational, emanmentaland eonomic
issues The City seleed the Variant 1, Option 1 concegsithe preferrediternative to
advanceo prelimirary design This conceptvas desigad for the 106/ear flood evat.
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SECTION 3 - EXISTING CONDITIONS

3.1 General

The Projecwill be locaked in ®utheast Boulder, Colada, and is generally locateasth of
US36, west 08BC, and east of sevet residentl communiies. RJH haperformed
multiple site visits sice 201 7o observe site contions and perform data celttion. The
Project sié is canprised primarily of uneveloped land and irrigatedgiare. Existing land
usessite conditionsand constrats thatimpactedpreliminary desigrof the Projectre
summaized inthe following sections. A site vicinitynap is presnted on Figure.3, and a
site plan is preserdeon Figure 3.2.

3.2 University of Colorado Boulder South Campus

The CUBoulderSouth camus is a 30&ae property loceed south of US36eas of severa
residentiacommunities, and west of @8 property. The CU BouldeSauth campus currently
includesa tennis complex, a nmenance bilding with an asphdt parking lot, anda seres of
pedestrian trails. The pedestriatrails experiencsigrificant usérom the pulit throughout the
year. Tke tennis comiex is used seasally by the CU athletic depement. Overhead eleatal
linesand multipleburied uilities exist on @ Boulder South ampus primarily near the
mainenance buildingtenns conplex, and the northwstern portion of the propiy.

South Loop Drive is tle primary means of vehicle ac=eto the CU Boulder $ith campus.
South LoopDrive isa 24foot-wide, pared roal that exénds from Tabl&lesa Drive tole
existing CU manterancebuilding and gravel prking lot. South Loop Dve is owned ad
maintained i CU.

Gravel mining operatianwere performed on¢hCU BouldetSouth campsiproperty before

it was acgired by CU in 196. The graveiining created large excavatiotha is aboutl0
to 15 feet klow the original groundusface. Graviemining operabns also created a series
of below-grade ponds thdill with groundwater. Water leves in these pondituctuate with
groundwater leve.

Two surfacewvater ditches & loatedwithin the previouslymined areas. The ditchesllect
grourdwater and sudice water and convey flow nosttard until dischargig to ponds oithe
CU Boulder Southcampus The ponds wilultimatelyoverflow intoViele Channel.
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An eartlen levee extendsalong the soiit and east boundaries betCU BouldeSouth
campus.The levee $ approximately 7,500 feet long and earin heightwith a maxinum
height of about 14 feet.The levee was costructed in 180 and consistgrimarily of clayey
sand maerials. The levee waraised in 1998 and céied by FEMA in 2000. Thedvee was
raised again in 2009 based on updated hyldranodeling ad subsegently recetified by
FEMA (LeonardRice, 2009. A pedestria trail extendslong the crest bthelevee The dry
side slopas covered with grassesd other vegation. The weside slog is covered by
riprap slope protectionDCD2 extendsalongthe wetside (i.e., ed} toe ofthe levee. A
drainage channel extends along ting-side {.e., west)of the levee. This channel was
constructed to déect surface weer runoff frombehind thdevee and convey themaff to an
outfall at Vide Channel.

An existing earthen berigne., west berm)s located along the west side oétGU Boulder
propertyadjacent to E. Moorhead Circle. The berm was constructed concurrent with
previols mining orations on the site. The berm ranges fidhto 20 feet high and
contains modextely denseree growth on both sides of the berm. A pedstrail extend
alorg the crest of the berm.

CU Boulder South camys contais wetlands neatrainag ditchesjrrigation ditches and
laterals, andn unrechimed mning ponds.ULTO habitat and ppulatiors occur near
drainage ditches predominantly dretry-sideof the leveeembankment nedheeast
portion of the @ Boulder South campuand alongrrigationditches.

In September 2021he City annexe€U Boulder South campus as paftnegotiatons to
provide community benefitsncluding flood protetion. As part d the anrexation agreentg,
the paties agreed tthe following land uses for theU Baulder Suthcampus:

1 Open SpaceOther (OSO): This ar@ generally correspondstiithe regulairy
500year floodplain on the east portion of the CUuRter South camjus
(approximately 119 ares). This land will renain undeveloped and be used for
floodgain functionality, riparian conneivity to the SBCriparian corridor and open
space. A largescale eological restoration of this aredll be perfomedas part of
the Prgect. The ecoloal restaration will indude environmental mitigation neéed
to permitandconstruct the Project.

1 Public (PUB): This areds located on the wegbrtion of the @ Boulder South
campus (approximately 129 acres). sfland will be develoged inthe futureas part
of development othe CU Boulder South campus.

1 Pak, Urban, andOther (PK-U/O): This areas located on ta northportion of the CU
Boulder South campuspproxmately60 acres). This land will be used fordpect
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flood mitigation fadlities. CU may insall facilities for active and passive
recreatbnal usesn thefuture as long as thejo not impact the factionalty of the
flood mitigaion facilities.

A plan of CU Boulder South campus land use designsis preseted onFigure 3.3.
3.3  Open Space and Mountain Parks

OSMP property is locateoh bothsides & US36, west of SB@Gndeast of the CU Bodler
Souh campus. ThOSMP preertyis locatel withinthe SBC State Natral Area andontains
extensivewetlands and federally listethreatenednd Emargered (T&E) speciedabitat for

t he P meabdohwenpiagmouse (PMIMBandULTO. The SBCStateNaturalArea was
designatedby the state of @oradoin 2000in recognition otthe highquality habitatandplant
communities The OSMPproperty is &0 used for cattlgrazing seasonallyand portios are
irrigated forhay production. Numerousigaton ditches and smatdirainage channels extend
throughthe CSMP propetty, including DCD2.

A gravel pedestriatrail extends norttsouth through OSMP progrty on both sides of US36
andexperences significantise from theubilic.

3.4 Colorado Department of Transportation

The CDOT Rightof-Way (ROW extends prdlel to ard on boh sides of US36A small
drainaye ditchis located intie southROW along thesouthshoulder of tk road The
drainage ditch collets surfacavater runoff from astbound bneson US36. A cacrete
multi-use trail isalsolocated inthesouth RQV. The multiuse trail experiences sidimant
use from the pblic. Additionally, multiple buried utilitis arelocated throughout the ROW.

A seriesof culverts extendbeneath US36These include dal 4-foot by 10foot reinforced
conaetebox culverts RCBC) that function as a wildlife crosgj, a 4foot by 6foot RCBC
to convey DCD2 flows, three 66inch-diameter raiforced concrete pipeRCP) to coney
Viele Chamel flows, and muliple smaller R®sto convey local drainagp.

SBCflows underUS36 throgh a multispan bridge. The bridge wasdened in 2014s
part of the US36 wideng project. The bridge has threeasysthat total approxnately 115
feet with arow of concrete bridggiers on each eekbank abat 47feet apart. The
concretamulti-usetrail extends below the bridge to theest of SBC.
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3.5 South Boulder Creek

SBCis amajor drainageway théiows from its headweers in he mountainshrouc
Eldorado Canyon and suligeently southest of the Citybeforedischargingo Boulder
Creek. Tl BC watershed encompasses approxiigdt86 squareniles. Flow in SBC is
from a combination of groundwater, prigdgation runoff, release from Grosfkeserwir, and
snowmelt. Gross &ervoir is loated on SBC uptreamof EldoradoCanyon ands a water
supply reservoir owned and operated Dgnver Water.No reservoir volume is altaed for
flood control in Gross Bserwir, but the reservr providessignificant temporary flood
storag above the sjhvay crest. Approximatly 90 sgare miles bthe SBCwatershed is
located upstream of Gro&eservoir.

SBCgenerally flows northwardastof the Project facilities andonssts of a riatively
straight, duvial stream channel. The rigbverbank is sigificantly higherthan the channle
and is noexpectedo be overtopped during extreme floogests. The |& overbank idower
ard isovertopped during both rougrandextrene flood events.

During floods that eertop the éft bark of SBC, the 536 embankment direxflood waters
north and westa alow pant located at the northest corner offte CU Boulder South
campumear US36 and Table Mesa DeiviFlood waters pond in this area then mwop US36
andextensvely flood a portion of the City known as the West Vay. The West Valle
generallyfollows the alighment of Foothills Rkway and cossts of a mixture of redential
and commercial structes. Flooding of the West Valley occurred 1938 195Q 1969 and
2013. The 2013 floodvent m SBC was estimated be between about7b- to 100year
event(Wright Water Engneers,2014).

3.6 Viele Channel

Viele Channkgenerally flows across thedjectsite from west to east. Viele Channel
exterds though the northwest portion of 88CU Boulder South campus anldrough the west
edge of OSMP poperty, nath of US36. Intis reab, Viele Chanel consists of a
trapezodal channel with thick vegetan.

Viele Channel isitributary to SBC ad hasa basn aeaof approximately 1 squarile
updream of the CU BouldeSouth campus. Anajority of the Viele Channel watershed nsists
of residentibland use. This channetllects groundwater and sade waer runoff. Flow in
Viele Channel is anveyeal benaththe US36 easbound onaramp trough tiree 72inch
diameterculverts and subsegntlybeneth US36 through three 6dnch diameer culverts.
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3.7 Irrigation Ditches and Laterals

DCD2 is owned and maintained by the DCD2 CompaFlows inthe dtch are dierted
from SBC aproximately 1.8 niesupstream of the Projesite. DCD2consis$ of an eatten
ditch from the point ddiversion through OSMProperty b the Project siteMultiple
turnout structures are located along tbegmenof the diich thatfadlitate flood irrigation of
OSMP popety south of US36.

Numemous other irrigatiorditches ad smaler lateral irrigatiomn channels (laterals) est to
distribute water ttrouglout irrigated areas on OSMP. Basedmiormation fom OSMP and
field observatias by RJH, wateis supplied to tt OSMP fields using flood nigation by
placingcheck damsn irrigation ditches; théarmers control the lo¢@an and iming of the
flood irrigaton and generally do not keep ttein records othis process.

3.8 Subsurface Conditions

Based on site inveagyations performed by RIHRJH, 2019; RJH, 2028, our inerpretation
of the generasubsurface profile at @Projed site consistsfdill or dluvium overlying
bedrock of théPierre Shale fanation. In gereral, fill overlies bedrockhroughout mined
portions of the CU Boulder Sh campus and allimm overlies bediock throughout the
remainder of the Projecite. Adlitional informaton regarding the geotechnical site
conditions is presenteih Section 8.

The SBC allivial valley begns upstream of #hPrgect site as a relati\yg narrow mountain
stream flowing from Eldorado Canyon. Bar the Project site, eélalluvial valley generdy
widens until it converges with the BouldeCreek alluvihvalley dovnstream of Baséhe
Road. The SB alluvial valleyaqufer is an unconfined aifer that extendshroughout
surficial sdls (alluvium ard fill) and is perchedmthe underlying low perneability bedrock.
The alluvium generally deeases in thimessfrom upsteam to dowrtseam. The topfo
bedrock beneatthe surficial soil appearto form a consisteriiroad surdce that, in some
locatiors, decreases in elevatiaa the west (away from BC).

Basedon site investigations and growvdter modelingperformel by RJH, groundwate
levels declingowardthe norththrough the aquifer, whiclgenerallyfollows the slope of
topographyand the flav of SBC. Seasonargundwate fluctuations are ifluenced ly
naural condiions through the hydrogeologigate (e.g., relsarge,evaptranspration, etc.)
and irrigation appied o OSMP fields. Lowest groundwatevds ae typically during he
winter months of November tbugh Fehbuary. Highest grounaater levés typically oacur
May through July.
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SECTION 4 - PROJECT DESCRIPTION

4.1 General

The primary Projet components itludean embankment dam along the natid west
portion of he CU Bolder Soutlcampus, a structurapillway wall on OSMP prperty along
the CDOT ROW, an aitlet tunnel below US36, detentie@xcavation otthe FK-U/O land wse
area, gradingnd site acceswnodifications, and ecological restomti Ade<ription of
primary Roject compnents is provided lb@v and $iown on Figure 4.1

4.2 Embankment Dam

The embankment damillvconsistof a zoned earthfill emdnkment with internal filters and
drainsand a barer wall in the foundation The embankent damwill extendalong the
north and west portiaof the CU BouldeSouth camps. The embankmeéedam will
connect to nata high ground consisting of bedrocht thewest (left)endand to thespillway
at the ed (right) end. Key components of the leamkmen dam will include:

1 Eathfill: The earthfil will consist ofacentral coe and upstreamral downstream
shells. Tle entral corewill have sufficiently bw perneability to redce seepage
during transient iervar loading. The upstream and downestm skells will consist
of on-siteclayey sandsand andgravelrandom fill.

1 Internal filter and drains Internal fiter and drai zoneswill be includedwithin the
embankment tosafely manage seepage through émebankment fill. The filter and
drainzones Wi consist d specialy gradedsand and grave

1 Toedrain A toe drain at the base ofetdownstrean slope willcollect, cowey, and
distribute seege. The valmeof seepge will be measurec&nd monitorecnd hen
conveyed to thexfiltration sygem where it will be distriluted backto groundwater

91 Barrier walt A barrier wall wil beincludedbelow theembankmentiam to manage
foundationseepagevhen theresevoir is goring water and will consist of @8-
bentonite barrier wall below the centerliokthe embalkment damalignment The
barrierwall will conned to the embankmemtam fill & the groundsurface and extend
into the underlying Piee Shaldbedrak to provde a continuous loywermeable
seepge barier along the dam alignment.

Additional information regarding fhe embanknent design ipresented in S&on 10.
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4.3  Spillway

The spilway will consist of an abovgroundconcrete wall wh belowground cant pils
to provide seepage control andustural support. The embankment dam and spifiwall
will collectivdy comprse the higkhazard, jurisdictioal dam. The spivay will be located
to the south of the COT ROWon property owed by OSMP.Thespillway will connect to
the earthfill embankent & the west (left) end anthe US36 embamkent at the eat (right)
end. Key componets of the spillway wil include:

1 Spillway wall The spillwagy wall will consistof avertical, reinbrced concret wall. The
spllway wall will retain flows during fbod erents up to and including the :98ar eent
andwill convey flows frommore extrera flood events over @top of the wi.

1 Spillwayfoundation The foundatiorwill be comprised oh row of secanpiles
extendirg into thebedrock. The secant pile vavill provide both structural support
for the spilway wall and seeagecontrol.

1 Spillway apron The spillway apron will provide energ dissipatio for flows overtopmg
the spillway walland will cansist ofa reirforced concrete slab withnend sill

Additional information regarding the spillwalesign is pregnted in &ction 11.
4.4  Groundwater Conveyance System

The groundwter convewrce systen will allow normalgroundvater to pass through the kbpay
foundatio. Conveyance of normal grouneter flows s critical to mantaining the existing
hydrogeologic systemand pevert upstream growdwater mounding andownstream gnandwater
decline, whichcould impactvetlandsand critical habitat The groundwateconveyanceystem
will consist of facilities ér cdlecting, conveying, and distrilting grourdwater. Keycomporent
of the graandwater onveyance systemillvcorsist of:

1 Cdlection Groundwater will be collged upstream of the spillway a collection
trench usinglotted pipes and permeable baltkf

1 Conveyance Groundwater will beeonweyed from the upseam sile of the spilivay
to the ebwnstream sidenia cnnector pipe Gaeswill be installed thacan be
manually adjusted to camt the volumeof flow from the collectionpipes and
through theconrector pipes.

1 Distribution Groundwagr will be distriluted downseamof thespillway using a
distribution trench cosisting of slotted pipsand permeable backfill.

1 L
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Additional informatian regarding thgroundwater onveyance system design is presdim
Section 12.

45 Qutlet Works

The lower pation of thereservar poolwill not freely drain bak to SBC. An outlet works will
be requiredo meet SEO dam safety requirements and to allenentire res®oir to be dained
to meet water rights requiments The outlet works will extend fronthe detention excaationto
Viele Channénorth of US36.Key compoents of theoutlet works will indude:

1 Intake Structure The intake structure witlonsist of a&inforced concete riser
structure located at ¢hupdream toe of th detention excavationrhe front, top and
sidesof the stricturewill be openand inclule steel trabracks.

1 Conduit Theconduit will consist of a 6@nch diameter gl pipelocatedwithin a 96
inch diameer carrier pipe Theportion of pipe upstream of US36 will be inséalin an
openexcavaion and encased inirdorced concreteandtunnelng will be performed to
instdl the pipebelow US36.

9 Ouitlet Structure Theoutlet structue will consst of reinforcel concrete, bdled
outlet structure at the downstream end ofah#et worksconduit. The outlet
strudure will dischargeo Viele Chanrel. Rprap will be insélled in Viele Channel
in the vicinity of the oulet structure fo erosion potection.

Additional informaton regarding the outlet works design is preseimedkction 13
4.6  Site Drainage

Severanatua drainages andrigation ditches flow through taProject #e. TheProject
facilities will impactDCD2, US36 widlife crossing, and sitadrainage below US36.
Modifications to existindacilities will berequired to raintain sie dranage and historic
irrigation opertionsat the site Key commnents ofthe site drainage ardigation facilities
modifications wil include:

1 DCD2: The spillway alignment intersed®CD2. The existing reinforcetiox
culvert below US36will be exendedo the face of taspillwaywall. Thiswill
accommodateutureoperation of the ditch without otsaction from the Project.

1 Wildlife Crossing The spillway alignment ibbcatal approximatly 75 feet upstream
of the face ofthe wildlife crossing Thewildlife crossingwill be exendedto the face
of the spillvay wdl to facilitate continued wildfe access.
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1 USS36 Culverts The OSMP property suth of US36 drains throughseres of
culverts below US36. Theseilvertsinclude the US3évildlife crosshg and DCD2
crossig discussd abowe andmultiple smaller cuterts The spillway alignment is
located approxirately 65 feet pstream bthe face dthese culverts. Smdthw-flow
openingswill be instdled in the spillway vall directly upgream of eaclsmaller
culvert andwill convey irrgation flows and runoff from small event3he larger
culverts for the wildife crossig andDCD2 will be extemled to the face of ¢h
spillway wal.

Additiond information regarding site dimage and irrigadin fecilities is pesented in &tion 14
4.7  Site Grading and Access
Site gading and site accessodifications will berequired b suppot the Roject faclities

discussedn theprecedingsections andot meet Project design criteri&ey componentsf
the ste grading and access nifications will include:

91 Detention Exavatian: Betweenapproximagly 73 to 105 acrefeet(acft) of
detention dorage is neestl to neet hydraulic and floodain degyn criteria. The
detention storage withe achieved by excavati on the norther portionof the CU
Boulder property. A barrrewvdl will be installed abng the pemeter ofthe detention
exavaton o maintain defgn capacity for flood mitgation.

1 South Lo@ Drive Madifications The embankmermam will extend amss South
Loop Drive. An earhen roadway ramp will be constrigdto provide acess for
South Loop Drive overthe earthen danofiowing construction. Tadesign elevation
for gradingthe earthen roadwaanp south othe embakment dam will be set at the
500year water sdace elevationandthe south end of theampwill terminate at
existing groundn the CU Boulder PUB land use area

1 Multi-Use TrailModifications The alignnentof the spillway connection to US36
extends across theisking multiusetrail. An eathfill ramp will be placed along
bothsides of thespillway wall at this locationto acconmodate he muti-use trail.

1 Levee RemovalExisting levee will be partlly removed to connect existing ground
on both sides of thievee.

1 Miscellaneous Site Gradin Miscellaneous sitgrading wil be required to promote site
drainageto SBC,Viele Channel, L5636 wlverts, an the detention excavatio

1 Access Rods Accesswill berequiredto inspect and maintaiRrojectfacilities.
Gravelaccess roadsill be ncludedin thefuture stages otdesign where needed.
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Additionalinformaiton recarding tre site gading and accesdesign is premnted inSection 15.
4.8 Ecological Mitigation and Restoration

Construction of Prject facilities will impact jursdictioral and n-jurisdictional wetlands
ard T&E species habitat fahe PMIM and ULTO. Tle Rojectis also aticipated to impact
mestc tallgrass pairie, upland, andnorthen legpard frog habitat. Impacts to regulated
environmentatesources will benitigated by corstructng new areas of wetlds and critical
habitas for PMJIM and ULTO. Themitigation will be castructed orsite in theOS-O
portion of theCU Boulder Southcanpus and will be performed in conjunctiavith a larger
ewmlogical restaationand conservatioof this area. Thenewwetlands and critical habitat
will be gradedand revegetatei facilitate suitable habitat.Thegoals of tle environmersl
mitigation and ecoldgal restoration include

1 Removal of theexising levee embankment teconnecthe OSO arato the SBC
floodplain and riparian corridor.

1 Development bnew wetlands Wwile maintainirg currentwetlands inthe OSO area.

1 Developmentf newT&E habitat whilesustaining current T&Habitat condition in
the OSO area.

Conceps for envionmental ntigation and ecaldgical restoration have noebn developed
for the prelimirary design.
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SECTION 5 - DATA COLLECTION

51 General

Various types ofdata collection Wl be required througha the Project tadvaice the
desgn. Duringthe prelimnary desig, theRJH Team pdormed topographic surveying
subsurfaceuitility engineging investigaton, a getechnical ivestigation pogram, and
ervironmental surveys. Alescription of data codiction performeds provided below

5.2 Topographic Survey

Flatirors perfamed topogaphic surveying irthewinter of 2018 to dgelop a base maipr
the Projetsite. Topographic sweying was grformed usig a canbination of aeribsurvey
equipment andanventional (i.e.field) survey equiprant. As workon the Project was lbeg
advancd, a discrepancy was iden#tfl in the surey data for th©SMPproperty suth of
US36. Flatironsesuveyedthis area ilfNovember 2021 using corantionalsurvey
equipmemand updated thieasemapping. The inits of the 228 and 2021 survey ar
presente@n Figure 5.1.

Borings andnonitoring wéls from the Phse llgeotechrial invesigations weresurveyed by
Flatironsin June2020 and Octolre2021. The lod#ons of test pit investigationsvere
recorded by RJH iAugust 2021using a handheld Global Positioning SystgaiPS) device
and the groundusface etvatonswere estimaed from the Flatirons topograplsarvey.

5.3  Subsurface Utility Engineering Investigation

Cdorado Reised Statutg, Title 9, Article 1.5CRS 91.5) (Colorado Statéegislature
2018)requires SUEfor anyproject with subsurface exeaions A SUEinvegigationwas
performed bySAM. SUE is typic#ly performed in two phases thieve therequired level
of quality. The quality leel (QL) is described ithe American Society of Civil Engineers
(ASCE) 38-02, Standard Gudeline for theCollection and Depictio of Exising Subsurface
Utility Data (ASCE, 20@), and is summazed as 6ll ows.

1 OQL-D: Information canes satly from existng utility recordsand asbuilt drawings

1 QL-C: Involves surveying visibletility facilities, such asnarholes valve boxes,
posts, etc., and correlatirigis informatian with existing utility recordg(QL-D).
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1 OQL-B: Involves the ge of sirface geophsical techniques to datmine he existence
and horizontal position of underguod utilities. This information ma be sufficien
to accomplish preliminary emgeering goals

1 QL-A: Involves the ge of nodestrucive digging equipment discrete, critcal
points to determine therecise horizontal ashvertical position of undergroun
utilities, as well & thetype, $ze, conditon, material, and other charac&its. This
activity is called "loa t i ndjystappamiatefor developingbid dacuments.

A plan of the limits of the BE survey is presentkon Figure 5.2. The QD, QL-C, and
QL-B work was peformedin late 2021. he QL-A fieldwork is in progress.The Project
base mp was updated tmclude be QL-B SUE information. Resus$ of he QL-B SUE
investigation are presented plan drawings. fAis information will be updateish the next
phase of dsignwhen the QL-A surwey is complete.

5.4  Geotechnical Investigations

RJH performed geotechcal investigationsto dbtain subsurfae dataneeded t@dvance the
Project design.The investigation waperformed in two phases betwe2®l8 and 2P1.
Objedives ofthegeotechnickinvestigation included:

1 Advancingthegeneralzed umerstanding of geotpc, geoechnical,and
hydrogeological anditions at ad around the site.

1 Evaluatingfoundation conditionalong the alignment of the gigvay, outletworks
tunnel, sil-bentonite baier wall, and embankment.

1 Evaluaing availableon-site borrow materials.

The geo¢dhnical investigation included théllowing compaments:
1 Performing geologal mapping.

1 Drilling 44 borings at th Project s#and in the SBC allual valley upstrean ard
downstream of b Project site Installing nonitoring wells with data l@ging
piezanetersin 37 of the boringsand irstallingdatalogging pezometersn five
monitoring wells owned by OSM#® provide longterm monitoring of groundwater
levels.

Installing datalogging piezometeis threestilling wells tomonitor surface watdevels.

Performing ageophysical survey ae the spillwg aignmentto identify the top of
bedrock,confirm the pesence of any pabdannels, and provide data topgort
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boring locations. The geophysigavestigaion was rformedby Collier
Geophysicsl.LC (Collier).

1 Excavating 5 test pits tevaluate on$eé borrow raterials.

1 Performing hydrauliconductivity ests in surficiabal and bedrock and water
pressire (Packer) tests in bedrock.

1 Performng labaatoly testingon colleded subsurface matelsa

A summary of dtacollected,and laloratory test esuts is pesented in théhase |
Geotechital Report- South Boulder CrdeRegional Detention(RJH, 2019)ard Phase Il
Geotechnial Report- SouthBoulder Creek Regioal Detenton (RJH, 2022b). Additional
geotechnicainvestigations may bperformed insubsequenstages of Project development
asappropriate to advance the dgsi

Additional information regaiidg the geotechnical & conditions ipreseted n SectiorB.
5.5 Environmental Investigations
5.5.1 General

Construction of Projedicilities will impact wetands and T&E species habifat the
PMJM and ULTO. Thesenpads will require obtaining enwonmental permits thaare
presented ifsection 7 and Sectioril6. Envronmental investigations performed to popt
environmental penitting included:

1 Wetlandsurvey
1 ULTO surveys

9 Cultural resource evaluation

A degription of the environmental investigatisis provided below.A composte
environmental reouces ma was deeloped by CORVUSor the Project area, ch is
presented on Figure®. Thedata preentedon Figure 5.3 are based field surveys
performed byCORVUSIn 2019, 2020, and 202ULTO data fomthe City andColorado
Natural Heritagd’rogam, wetland datérom OSMP, andPMJM habitat data from the City
andUSFWS.
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5.5.2 Wetland and T&E Surveys

CORVUS peformed an environmental survey between Septembeard October 142019
that includel identifying channels, ditches, open watend wethnds and assesg poential
habitat for T&E speciesdied under the Endanged Species Act (§A). The weland
deermnation followed methods described in tH8 ACE Wetlnds Delinegion Manual
(USACE, 199) and, vhere applicable, in accordancé&lwthe methods identiid in the
Regional Supplement tthe USACE Weland Delineation Manual: Great Plains Region
(SupplementfUSACE, 2010). The survey limits geneyaihcluded the US36 orridor,
OSMP,and CU Bulder Soth Canpus OSO and PU/O land se areasCU Boulder
independently retaimeCORVUS to perform aimilar environmentasurveyof the CU
Boulder South Campus PUBea.

5.5.3 ULTO Surveys

CORVUS performedi eld surveys ¢ assess ésting populations or individuals of LTO in
and near the Projectisi Three yearsfdJLTO surveys ae required for FormalConsultaion
with theUSFWS USFWS requas surveys be perforedduring the fowering peiod, which
is generdly July 20 to August 31. ULTO surveys were completedrayuthe D20and 2021
ULTO flowering seasons, amdpresert survey yeas 1 and 2respetively. The 2020 ULTO
survey was perforntebetween August 10nal 18, 2020 and the202L ULTO survey was
perfamed between August 9 and 11, 2021.

ULTO habitat was iderfied basdon the presence ofommon asstatedspeces dentified

in the USFWSInterim Survey Requirements for Spiranthesidlis (USFWS, 192). G5
coordnates wee colected for each @int acurrence. If multiple plants occurred within the
same sqgarefoot, anote of the numbeof individuals wa male. For populatios of about
500 o more individual ULTO plants, the plenwee counted and the mundaryof the
populaion wasmapped.

ULTO plants in the Project site can be separated into two paomdéased orhydrology and
plant communty. Population 1 is locatedn the drysideof the levee embankment on CU
Boulder Souttcampts, and pgulation 2 islocated orthewet-sideof the lezee enbankment
on CU Boulder South campus and OSMP within th€ $IBodgain. In population 1ULTO
habtat gereraly occurred in a arow band of wdands that idorderedoy uplands on both
sides. No individual ULTO were observed witm the wefands abng he west side of CU
Boulder South campus; wetlands in thisaagnemrlly lacked commonlyas®ciated species
andwereoveral drier or transitionig to uplands. In population 2, most indivadWLTO
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were observe southof US36 and ths ULTO pgulation comects with populations outside the
Project site that are mdored by OSMP.

5.5.4 Cultural Resources

PaleoWest completed aClassl cultural resoures evaluation of the Project site. The
objedives of the Clasd cultural resources ealuation included

1 Identifying the number and types of cultural resources tlebamnight be pesent
within a1-mile radius arandthe Rojectsite.

Providingasummay of t he Pr oj ect Ocresproes.ent i al

Providing preéiminary recomnendations regardg ary additional cultural resources
work.

A representative ohie Ofice of Archaeology and lbtoric Preservatin performed an

official file search o£COMPASS for a dmile radius around the Projesite. PaleoWest
reviewedtopographic raps and consulteBureas of Land Management General Land Office
records to identyf anyHistoric-period resourcs.

PaleoWest ideified onehistoric property that has len previously recorded within thenlile
radius ofthe Project & and ecommends copieting a Class lltultural resources inventory.
Pending results of a Class lienbry, the peliminary impat assessment ibdtthe Rojectwill
have no adverse fefct on the historic propertand the proposeProject will benefit the higoric
property by protectig it aguinst future flood damage.

21

o\
(1
v

1 )

(B‘;’?

S= )T S e

\

)

-~
CONSULTANTS, INC. 16134_22-07-07_SBC_Preliminary_Design_Report



Preliminary Design Report - South Boulder Creek Regional Detention Project
July 2022

SECTION 6 - SUPPLEMENTAL REPORTS

6.1 General

RJH colkected ad evaluged geotelnical and groundwatedata and perfored hydrologic
and groundwater modely prior to and concurrenwith developmet of the preliminary
desgn preented in this Report. The methodology, results,@amdiusionsof this data
collectionand modéng is presetied in the supplemntal reports sumarized below.

6.2 Hydrology Report

RJH performed hydrologi@analyses basedn SEO guidelines to delep thelDF, which is
the regulatorylbodeventused for spillwaysizing. The IDF for an extrene hydrologic
hazad dam isthe Probablélaximum Flood (®RIF). The IDFis doaumented in th&outh
Boulder CreelRkegional tention Project Hydrology RepdiRJH, 20223. The controlling
IDF event s a6-hour,Local Sbrm locded on the portin of the wateshed downstreanf o
Gross Reservoir. Tle IDF has a peafkow of 83,282cubic feetper seconddfs) and an
inflow volume @& 23,792 asft.

6.3 Phase | and Phase Il Geotechnical Data Reports

As prevoudy discussedn Section 5RJH erformed ageoechnicalinvestigation prgramto
obtain subsudce data needed advane the Project designA summaryof daa collected,
and hbaatory test results is presentedtlie Phase | Geotechnical Reg - SouthBoulder
Creek Rgional Deention(RJH,2019 ard Phasell Geotechnical Regort - Sauth Boulder
Creek Regional Dention(RJH, 2022b). Additionanformaion regarding the geotdmical
site conditions is presented$ectian 8.

6.4 Baseline Groundwater Model Report

Constriction of Projectfacilities cold impad natural groundwiar conditions in thevicinity
of the Roject. RJH developed a basadi groundvatermodel (Baseline Modl) to support
theevaluation of Projet impacts and to suppothe desgn of the facilities tomitigatethe
impacts. Groundater mockling was performa usng the MODFLOWUSG software
progran. Themodeled area includedB& and the adjzert alluvial valley from about
Highway93 at the upstrea end © Baseline Roadt thedownstreamend.
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The Basele Modelwas deeloped using Rijectspecific data, pubkly available data, ah
information prewided byOSMP. This modelsimulated condions from November 2@
through OctobeR019 and was calibtad todata collected birJH from 32monitoring wells
throughout e Project site.The Baselindlodel had an unwighted scaled root mea
squared (RMS)reor of 1.1 percent followng calibrationwhich is within the idustry
acceptabléimit of less than Ppercen.

The groundwadr conditionssimulated bylie Baseline Mdd are consisten wi t h RJHO6 s
corceptualizatiorof the hydrogeologicsystem of the Piect site and vicinity, andtey
takeawaydgrom the Baseline Modehclude:

1 Groundvater levels declineotvard he north throughhe aquifer, which generally
follows the $ope of topogaphyand flow ofSBC.

f Total flows through the modelary from about 350,00 abic feet per dayft®/d)
duringthe summer to 15,000ft3/d during the winter.

o Predominant compeents & the hydogenlogic systemare inflow from recharge
(bothirrigation and natural preciition), outflow from evapotanspirationand
interactonswith surface watein SBC. Thes predominant congments account
for flows that rangérom 65 to 82 percent d the to#l flow through the modeled
areathroughouthe year.

o Groundwater flow isrelaively minor contibutor to the oveall flows through
thehydrogedogic systemwithin the modeled age Groundwater flowrates of
approximately 6,000 are pedcted to occur beneath US3 which is
predominantly occurringhtough alluvium in the westeportion of theProjed
site. The totalgroundwater flowis relatively stable seasonalgnd rangs from
approximately2 percent of the hyagedogic system inthe sunmer to5 percen
in the winter.

1 The alluvial aquifer doesot appear to be stronghaining water fronor strongly
losing waerto SBC.

1 Seasnalgroundwate fluctuations are influenced maturalconditions tlhough the
hydrogeolog: cycle and irrgation applied to OSMHields.

1 The modéwas most sensitive to igation recharge rates drhealluvium speciic yield.

In R J Hrios, the Paiséhe Model provdes a reasonable approximatiof the exsting
groundwvater system in the Bject Jcinity ard is sutable for evalating impacts tat Project
components coulbdawe on the hydrogeologisysem and for supmting desgn of Projet
features theamitigate impa&tsto the existing groundwat system.The baselingroundwater
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modelingis pregnted in he Baséine GroundwateModel Report South Boulder Creek
Region& Detention(RJH, 2021).
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SECTION 7 - BASIS OF DESIGN

7.1 General

TheProject will be adranced baskon regulatory criteria, City and MHFDiteria and
preferences, and stakaldercriteria and preferences. RJH ightified a listof anticipated
regulatory gencges and key projectaketoldersandbasedn ou current urderganding of thei
criteria andpreferenceswve developed preliminary dig criteriathat has been useddevelg
this préiminary design. The @sign criteria Wl be refined as the Prage progresesbased on
coninuing discussiongvith the regulatoryagercies and Projeécstakeholders.

7.2 Regulatory Agencies

We anticipa¢ that appoval of the Project wilbe required from thefollowing regulabry agencies:

1 SEO: The embankment danpiway, and appurtenancesl| collectively mmprise a
jurisdctional dam that willberegulated byhe SEO. The dam is expected to be
classified as ahigh hazard potentimlam andan extemehydrologic hazard damThe
dam wil also retain stormwater moff, and the runoff will nedto be releasedithin a
specified timeto meet SEOwatr i g ht @ments.e q u i

1 CDOT: A portion of the spillvay and a prtion of the outlet wiks will be loated
within the CDOTROW along US3@ndobtaning a CODT access permwill be
required

1 USACE A Clean Water AcSection 404 permit will beaeeded to constetithe project
becaus®f anticipatedimpactsto wetlards. The USACEwill be the lead regulatory
ageng for this pamit. Cther agencies thabay consultwith the USACE regardinghie
404-permt application areexpected to include tH8SFWS, Environmertal Protection
Agency, Coloraddepartment of Pulz Health and EnvironmentCDPHE) and the
State Histrical Presetation Office (SHPQ.

1 EEMA: TheProjectwill impact the regulatry floodplainalongSBC and willrequire
obtaining a Conditinal Letter of M@ Revision fomthe FEMA prior to constructio.

1 City: A City Wetland Pemit will be required to construct &Project becase of
anticipaed impacts to wetnds. This permit wilbe obtaind from the City Planning
Department.Other City permits are aticipated to le reaiired to construct the
Prgect, but these wilbe obtaired by the cotractor.
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7.3  Project Stakeholders

We anticipate ta following stakehlers will provide inpt regardingdesignpreference and
criteria:

1 OSMP: A portion of thespillway and outletvorks, and groundwater monitioig
wells (instrumentdon) will be constreted on OSMP propertyOpenSpace Bard of
TrusteedOSBT) will need b issue a land dispolarior to mnstructon. OSBTand
OSMP staff wil be provided an pportunity to review ®-, 60-, and 90percent design
submitals, and OSMPtaff will provide inut for development ote ervironmengl
and ecologial regoration.

1 CU Boulder The dam etmankment, dention excavation levee removal, etogical
restoraton, andportions of tke spilway and outlet works wiibe mnstructed on CU
Boulderproperty. @ Boulder and the Gitautharized anannexation agementin
2021, andrelevant terms of thatgreement Wl need b be inorporated into the
desgn. CU staffwill be providedan opportunty to review 36, 60-, and 90percent
design sbmittals and provideomments.

1 CDOT: Constuction oftheportion of the spillvay that will connecto the US36
embanknentwill need to be coordinated wi@DOT. The sillway will protect
US36 from overtoping from flood events up to and includg the 100year ewent.

1 MHED: MHFD will be a fundng partner forconstruction anthasbeen actively
involved in development dhe conept and preliminargesgns for the Roject.
MHFD staffwill review 3@, 60, and 90perent deign submittalsad provde input
for development of th&uture phases afesign.

1 DCD2Company DCD2is owned and maintagd by the DCD2 Company. The
spillway will intersect DCD2 approximatgl 75 feet upstream of)S36, and ditch
facilities at thespillway will need tobe modifed b accommodate the Bject.

7.4  State Regulatory Status
7.4.1 Jurisdictional Size

The SEO hasstHished criteria to idenfy the jurisdictiond size of a dam. Jisdictional
dams in @lorado are reglated and subjeed to the authority othe SEO.In accordance
with Rule4.6.1 ofthe £O Rules and Regulations jurisdictionakize dam must méene
of the following critera:

1 Resavoir with acapacity that excesdLO0 aft.

1 L

A@ﬁr = 26

I

AR &

NI

CONSULTANTS, INC. 16134_22-07-07_SBC_Preliminary_Design_Report

=9\



Preliminary Design Report - South Boulder Creek Regional Detention Project
July 2022

1 Reservoirsurface areahtit exceeds 20 asatthe maximum normigool.

9 Jurisdictional height thbexceed4.0 feet.

The dam for this Prog meets all othose criteria andill be regulated by the SE&» a
jurisdictiond dam. Additional inbrmationregarding RJ s e v a 1 the gutisdiatioral o
Size is presented iAppendk A.

7.4.2 Hazard Classification

The EO has established critario determinehie hazard classiaion of a dam. The hazard
classfication esthlishes all of the SE® s igd @iteria fora dam excepftoir spillway sizing

Thehazard classifiation isidertified based on potgial congquermes associated with a

failure of the dam wh the water sudceeevation up to the spillay aed (i.e., sunny-day

failure). A hgh haarddam is a dan for which los of human life iexpectedo result from

a damfailure. RJH perfomed a simulat@sunnyday dam breach evaluatiamgeneral

acordance with te £ O aGsiidelines for DanBreach Analyses (£0, 202@&). Based on

this evalu#ion, loss of lie is expeted to result from a dafailure, and we anticifia the dam

will have a igh hazard clascation. Additional informatiorregardingRBli6 s e v aof uat i on
the razad classificatioris preseried inAppendixA.

7.4.3 Hydrologic Hazard Classification

The SED has established critarto determine the hydtogic hazad classificatbn of a dam.
The hydrologic hazard classificati@stablisheslesign criterigfor spilway sizing. The
hydrologic hazardclassification is idefified base& on potential cosequenceassociated with
an ovetopping failure of the dm durng the IDF. For peliminary desig, we assumed the
damwill have a extreme hydiogic hazarctlassificaton based on thproximity of the dam
to US36, the Tantraeighboriwod, and the Manh&an Ciicle office complex. Ewveif the

IDF was reducedhe length of the spillway will not change because the length is fixedsed
on the criéria of reduing impacsto OSMP property However, a rediction in the IDF may
result in aminor decrease tihe heght of the dam embankmenAdditional analyses ey be
performed in the net stage of deginto confirm the hydrologic hazarclassificatio.
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7.5 Design Criteria

7.5.1 Regulatory Criteria
7.5.1.1 Water Rights

Water rights reqiirements for a legajtprotected stormwater detentidacility were
identifiedfrom Colorado Revised State 3792-602 (ColoradoStatel egislature 2015) The
detenton facility must:

1 Contnuously relase or infiltete at leas 97 percent oéll the runoff from a rainfal
event that isless tha or equald a 5year storm within 72 housater the end of the
event

1 Continwusly release anfiltrate at kast 99 percemtf the runoff wihin 120 hours
after the enaf everts geater than a year storm.

1 Operate passively dmotsubgct thestormwater runoffto any active treatment process.
7.5.1.2 Dam Safety

Dam sé#ety requrements were igntified based m requirement§rom the SEO Ruleand
Regulatios for Dam Sadty andDam Construction (Rwtsand Regulations(SEO, 2024).

Embanknent

1 The minmum embakment freeboard should meet both mad and residual
freeboad requirenents:

o Normal freeboard should b2 feet or thevave setup and ruip generated g a
sustained. 00 miles gerhour wind, whchever is greater. Normal frieeardis the
vertical dstance biveen the top of thepillway and cest o the embankmen
dam.

0 Residualfreelnard should be fioot or the wae setup ad runup generatelly a
10 percent anual excedanceprobabilitywind, whichever is greater. ésidual
freeboad is theverticaldistance bateen the routetDF elevation adthecrest
of the enbankment dam.

1 The crest widthmust be equal to the jurisdiotid height ofthedamin feet divided
by 5, plus D feet.
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1 The crest shuld havea canter suffcient tomairtain the design freeboard based
the anticipated magnitudé aestsettlement.Camber should beo less than 6.foot
or the predicted deformian (settlemat) of the dam, whichever igreater.

1 Roads located on thdam cresshauld have apropriatesuifacing material to resist
rutting and provide adequate tractio we conditions.

1 Embankment dasimust be desigml to have stable slopes durcwmpstructionand
underall conditions of eservoiroperation with facta of safey based on EML110
2-1902 USACE, 2003b). Tablé.1 presats the required minimum safefgctors for
variousload conditions.

TABLE 7.1
REQUIRED MINIMUM SAFETY FACTORS

Load Condition (Analyzed Slope) Minimum
Steady State Seepage - Empty Reservoir (Upstream and Downstream) 15
Steady State Seepage - Full Reservoir (Upstream and Downstream) 1.4
End of Construction (Upstream and Downstream) 1.3
Rapid Drawdown (Upstream) 1.1-1.3

1 The SEO Rudsard Regulationsanddocuments ierenced therein doot discuss
embankmenstability requrements for a trasient loadig condition whichwill be
more gpropriate for a dry flood contd dam. Transiet loading criteria for
embanknentstability will be disaussedwith the SEQN thefuture stagesf design

1 Steady statsegoage loadig conditions for boh a full reservoiand an empty
reservar wereevaludgedfor preliminary design tbe coserative Embankment
stability urder transiat loading coditions wll be evaluated irthefinal design to
evaluate how the embamiert will respnd to stort-term tydraulic loads assaated
with temporaryflood retentian.

1 The SEO Ruleand Regulationand daccuments eferenced thereindo rot specify a
recurrencenterval tobe ugd for seismic loadingA 5,000year return frequency ag
used as thelesign sesmic load

1 Upsteam slope pttection for wave aan is requiredn the entire upstream slope
unles lesser coveage can be judied based on engeering anaisisand eservar
operational criteriaThe ugstream slope protectiaghoud consisof riprapor a
harcened ining (e.g., sil cement), but gesynthetics maye acepted by the SEO on
a caseby-ca® basis.The reservoir Wi ty pically be dy, so contimal wave @osionis
not a significant cocern. Therefore, justificationwil| be develped for lesser
coverageduring the nexphase of design.
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T

A minimum corridg of 50 feet should be provided lmyl the dowmstream toe of &
damfor maintenane. For ths Propct,the50-foot offset will befrom the CU
BoulderSouth @ampus propertipoundarythe topof bankof Viele Channel, orthe
existing CDOT ROWwhichever ismorerestrictive.

Spillway:

T

Thespillway shouldbe capable of conweng the IDF, which is basé on thePMF for
an extreme hydrologicazarddam. The IDF islocumented ithe SouttBoulder
CreekRegimal Detention Propct Hydrology ReportRJH, 2022a).

Thestarting water surface efation when routinghe IDF should behte spillway
crest unless bbwer waer surfice elevation can bagtified We have condered the
resevoir is enpty at hebeginning of the IDFbecase the reservoir willypically be
dry.

The spillway wall willretan the maximurmrmormmal pool and wilbe consideed part
of thedam The spillway wall will be desigad to met structural rquirements for
concrete dnrs basd on Gravity Dam DesigrEM-1110-2-2200 (USACE, 2008)

A minimum 5-foot crest width is requirefbr a concrete @m. e will coordinate
with the SID to obtain a ariancefor this criterion in the nexstage édesign because
a smaller with will be structurally adequée for this Projed.

Ice loading will rot be consided kecause the reservoir wdrain in less tharl20
hours, andlevelopment of ance ap is extreraly unlikely.

Spillway discharge forflows up to thdDF shauld not caseexcessive eon of the
abutmentsand fouration of thespillway.

Outlet Waks:

T

The outlet works shoullde capalde of releasing thedp 5 feet dreservor sorage in
five day (SEO, 20203).

Intake structurefr outld works should ave a tashrack.

The SEOGuidelinesfor Project RevieWSEO, 2020b) prades recommerations fo
trashrackvelocity and requirements for struct design. The maximum velocityor
tradhracks acessible for cleaing is5 feet persecand (fps) assuming0 percent of
the open area isayjged with debs.

Therequired structwal loading cadition for structurd desig is 20 feet of differential
hydraulic head.
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1 The outlet workshould hae an erergy dissipatora prevent undesirale gosion @
damage ohearby structures. The energggipator shoul be fasel on the IDF
resevoir watersuface eleation.

Instrumentation

The SEO Ruleand Reglationsrequire that high hazddams have thill owing
instrument#on:

1 Station makersevery 1@ feet on hecrest of the dam.
1 Survey monurants along thdam and top othespillway.

1 Piezonetas to monior thephreatic surface within the dam

1 Seepageneasuring devices.

i Staff gagen close proxinity to the outlet wdts with the zero mark d the gaje
correspading to the invert elevation ahe outlet work.

7.5.1.3 Federal 404 Permit

Requirements andriteria for the Clean Water ActGWA) 404 pernit have not been
identified yet. Additional disussons withUSACE ard USFWS will be equired.
Construction of Project facilities will impafitrisdictional waters of th&nited Sates

7.5.1.4 City Wetland Permit

Requirenens ard criteria for the City wetland permit havetiibeen identifed yet.
Additional digussionswith the Gty Planning department will be required. We @icipate
discussions will occur elgrin thenex stag d design.

7.5.1.5 CDOT Access Permit

CDOT requrements for the Project were identified béea a letter fom CDOTto the City
daed Septmber 9,2019, and muliple meeings and discussions betwegity and CDOT
staff. CDOT requirmentsare

1 TheProjectcamot impede oreé d u ¢ e C D Q Toéontiolaopdratej ahd maintain
US36.
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1 The spillwa substructure ray be bcated within tle existihg CDOT ROW The
spillway supestructure should generalbe located outside of the existiGdpOT
ROW with the fdlowing exception:

o A portion of the spillwaysupestructure can extend through the existing DO
ROW to connecto theUS36 embankmergrovided it will not increasdherisk of
flood damage to the U83mbankment andill not result n theUS36
embankmern being dassified asa levee by FEMA.

1 Impacs to tre existing US36 bridge at SBC are not ataap. This prdiibits a)
physical modii catiors to the brdge, B increassin hydraulic conditions thragh the
bridge, and c) increasessoourpotertial through the tridge.

7.5.1.6 FEMA Floodplain Permitting

The Project was advanced during preliminaeyign based orthe regilatory floodplan
prindple of gererally not increasing downstream flood extents depths. Additional
discussions wh FEMA will be required toidentify more specific floodplai regulatio
requirements. We anticipate discwssi will occur arly inthe nex stageof desigh and will
include MHPD, theCity Floodplain Manager, anddailder County Floodplain Manager. The
Project tean needs toidentify aprefered modeling aproach for the CL®R prior to

initiating discussiaswith FEMA (see Sectbn 9).

7.5.2 City (Owner) Criteria

City requiremets forthe Project were basedn requirements identified duriqeliminary
design anan-going discusions withthe City.

General

1 Project facilites will be visible from US8, CU BoulderSouthcampus, OSMP traik,
and nearby residence®rojectfacilities stould be asthetically pleasing andtegrate
into the surrounding infistrictureandlandscape.

1 Themulti-use trail locaéd downstrearof thespillway in the CDOT ROW must be
restored dllowing constration d the Project. A tempary detourof themulti-use
trail should be provided duringpnstruction.

1 The Project will e furded bythe City and MHFD Reducing costs tohe extent
rea®nablypracticable without negatively impactingdfgctoperationssafey, or
design criteria islesirable.
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1 Congruction will require a detour of the ntiuse trail, possibly impact theS36
eastboundshoulder, andreate visd and noise disrupinsto neaby residences and
OSMP users. Reducing tdaraion of corstructon to the extent reasohly
practiable withoutnegdively impacting Project operians, design criteria, or cost is
desirdble.

The Project sitevill be dosed to the public dring constuction for public safety.

1 OSMPis a major stkeholder, andthere will be both @ectand indirecimpactsto
OSMP property. The City and OSMP have had-going discus®nsthroughou the
devebpment of the prehinary desigrend will continue tchavediscussions as the
Projed advarces. The 30-percent designhasbeendeveloped basdon a 96foot-wide
constuction corridor on OMP propertysouthof US36. We anticipate digssians
regarding addtional requiremets for this caridor will continue

Hydraulic and Wdrologic

1 Preven overbpping of US36 fron the100-year flood event. Both the sheduration,
highintensty, andlong-duration 108year evats $ouldbe @nsidered. Hydrology
for the 100-year evenwill be obtined from theSouth Boulder Creek
Climatology/Hydrology Reprt (HDR, 2007).

1 The Progct canot negatrely impact existing floodplains at any stpeamor
downdream location for the 10@earflood event.

1 Methodology br perbrming hydraulic modéng and floodplain evaluations will
generally be consientwith the nethodobgy used to devejptheFEMA reguldory
hydraulic model.

1 Viele Channel andtber local off-site drainages flow throigthesite. Project
facilities shouldallow off -site flowsto be conveyed through or around the site
without cauang additional ugstreamor downstream flod impacts along hese
drainages for flood events up to andluding the 100-year event.

1 The facilty should ke designed to funtion with sedmen and debrisdadsthat ae
typical with extreme flood events.

Hydrogeologic

1 Conveygroundvaterthrough Projet fadlities in amanner that substantially
replicates exdtingflow paterns to prevent upstreamogindvatermourding,
downgream loweriig, andpotential adveseimpactsto existing vegetation.
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Environmental

1 Mitigate wetlandand critical habitaimpactsby conservingand restoringreasand
constructing new wéandsandcritical habitaton the OS-O landuse areaf the CU
Boulder Saith canpus

7.5.3 CU Boulder Requirements

CU Boulderrequrements for the Pject were dentified based on the annexation agreeime
between the City and CU Boulder and inde:

1 A minimum of 129 acres of devgdale area must bprovided for future CU
development. It may be acceptatdenodify the onfiguration of developable age

1 60 acresin thePK-U/O landuse area has beeasighatedfor flood mitigation. If the
City does notusetheentire60 acres for floodnitigation,the emainingarea will be
dedicated as open space.

1 Renoval of a portion or the ertirety of the levees acceptae.

1 Access to the site through SouthdpoDrive must be maintairee If modificationsto
theroad are required, the road should be modifie maintain the existing level of
service and overall eaition, including paved to 24 feetin width. Future
enlagement or enhancement of South Loop Bwill bethe responsibility of CU.

1 Modifications © SouthLoop Drive should inclde placing a radwayberm with the
crest at the 509ear waer surface @vaton to prevat inurdation of the PUBand
use area dung the 500year flood event.

1 Aestheticdor Project facilities facing CU developébara shald be oordinated
with CU.

i Fill on the PUB lad usearea shald be constructed in agmance with the G
Dedgn and Costructon Sandards.

7.5.4 Dry Creek Ditch No. 2 Company Requirements

Thepreliminary desigrwasadvanced toaccommodate future operatis in DCD2 without
obstruction from the B®ject and tensurancreasesn flow and head through the US36
culvertwill not negatively impacthe longterm condition of tk culvert. We anticipae
discussions witlbCD2 Company wil occur early in the nexdtage of design.
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SECTION 8 - GEOTECHNICAL SITE CONDITIONS

8.1 General

Surficial soils at the Project site consstfill and alluvium. Filis locatedalongthe US36
embankment wthin CDOT ROW, in peviously mnedportonsof the CU Boulder Saia
campus, andn the levee that generally septas CUBoulderSouthcampus an@©@SMP
property. Fill is generally finergrainedsoil than the alluvim, however the fill compositivis
variable and ranges from clayey soicobbles and bouldersWe clasified sal within the
SBC alluvial valley as ndifferertiated Quaternay age (Iss ttan 2.6 million yearsld)
alluvium, whichgeneally consists of and,gravek, cobbks, and bdders. Bedrock
throuchout the Project & istheLate Cretaceous age§® 100.5million years old) Pierre
Shale Formationwhich isgenerally clayey shke with some sandstone.

8.2 Fill
8.2.1 General

Threeprimary areas diill were identifiel: US36 emankment, CU Boulder $h campus,
and leee. Fill consisted of a varietyf soil types andvas commonly a clayey sand with
some gravel.

8.2.2 US36 Embankment Fill

US36 embankment filvas encountereat the ground surface ithree borings andanged
from 1 to 6 feet in thickngs. The fill constedof clayey sand with gravegrawelly lean cly
with sand, sandy lean clay witnavel, andgravelly fat clay. UncorrectedStandard
Penetation Tesi{SPT) N-values ranged from 1b 135 and geraged 22. The Nalues were
generdy higher south of thenulti-usetrail. The fill was typicallydry to moist ad soft to
very stff. Liquid limits rangedrom 41 to 53 ad averaged 46 nd plasticityindicesranged
from 26 to 29 and averad 27. Thanaximum particleige recovered was.@ inch. Pocket
penetomeer reaults rangd from 1.0 to 4.Qonsper squaréoot (tsf), and tk vertical
hydraulic condativity is aboutlx10’ centimeter pesecond(cnvs).

8.2.3 CU Boulder South Campus Fill

Fill on CU Boulder South eapus vas encountered in aepreviouslymined andin the berm
along the weserd of the Projecsite (west berm)Fill was generally encouateral at the
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ground surface or below top saihd rangedirom 2.0 to 26.0feetin thickness and was
underlain by duvium orbedrock. The fill casisted oimodly clayey sandvith gravel
Twenty-one sampler locations enoateed refusal(50 blowsfor less than 6 inchey At 36
other samm@ locationsuncorrected SH N-values ranged frorhh to 72 andaverage®3. The
fill ranged from dry towet, and very dbto very stiff. Onesampéwase nonplast. Fifteen
sanmples fad liquid limitsthat ranged fron23 to 80 and platicity indicesthat ranged fron® to
54, with averageof 37 and I7, respectively. Thmaximum paticle size was recovered in the
test pitsandwas18inches. Pockgienetromer resultsranged fronD.25to 3.0tsf.
Horizontal hydraulicconductivity measured from 11 ring head tests ranged from 814° to
3.6x10% cm/s and the geometric ean was #x10° cm/s Vertical hydraulic condudtity
was2.6x10° cm/s for an intacsampk offill and 2.x10° cm/s fora sample that as
remolded toapproximately 95 percent of the stdard Proctor maxiom dy unit weght at
abou 0 to 2 percent abovihe optimum moisture contetn For samples of tactfill, RJH
interpreted that therainedstrengthfailure envelope can beepresetedby a drainedfriction
angk of 36 degrees and nohasion. Theindrainedstrengh failure envebpe was interprete
to be arundrained fricton angle of 17 degrees anddainad cohesion oébout 31pounds
persguarefoot. In two boringsplack gravelsized péticles wee recoverd and consisted of
oil, grease, an8ilica GeltreatedHexaneExtractdle (SGT-HEM) material The al and
grease cocentrationn two sanples was 46,900 and41,800milligramsperkilogram(mg/kg),
and theSGT-HEM materialconcentratiorwas12,2@® mg/kg

There are no receds or test data thabcumenthe placerert of the fil once the mining
operationswere completed. Theilf appears tde ron-engineered and matel propeties are
variable.

8.2.4 LeveeFill

Levee fill was encountered tite gound suface intwo borings and ranged from abt 6.4 to
12.6 feetin thickness.The fill mostly @nsisted ofclayey sand with gavel and sandiean
clay and included smeprocesed Pierre Shal Alluvium was interpreted below the levee
fill , and Aerre Shak wasencounteredddow alluvium. A clustr of insulaed édectrical wires
that did not appedo be conihuous was encountaten one boringromabou 1.0to 1.5 fest
below tre ground sudce. Six sampler locations encountered refusallflfivs for less than
6 inche3. At two other sample locationancorectedSPT N-valueswere 13 ad 33 The

fill ranged from dry to moist sands were gerallydento very derse, and chgs were stiff
to very stiff. Foronesampletheliquid limit was31, and plasticity ndex wasl5. The
maxmum particle size recoverkwas 8 inches angdere mostly less thah.5 inches.
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The levee waslesigned by eonard Ricdengineers,Inc. in 1979 and comsucted in B80; it
was raised ir1998 and aga in 2009. CTL/Thompon, hc. perfomeda geotechical
investgation and evaluatioof the levee fron1997 to 1999 andconcluded that th levee met
FEMA geotechnichrequiremats far cetification in 1998 an@009; CTL/Thompson, Inc.
also povided testig and observation ohe indallation andcompactiorof engineeed fill
when the levewvas raised in 19 and 2009 (Leonard Re, 2009).Thelevee was ertified
by FEMA in 2000and recerified after the raisen 20009.

8.3 Alluvium

The natural alluvial valley is boundead the easeindwestsides by elevatesurfaces of
Pierre Shale. Wmterpret that alluvim historically extendedchtoughout much of the CU
BoulderSouthcampus.However, much of the alluvium o€U Boulder South campus has
been removed and replaced with f&hd herefore he currentlluvial aquifer is constricted
arourd the east side of CBoulderSouth campus

Alluvium was encountered below portionsitfied of the leveeand at the ground surfac
in areas east of the levee. Wium rangel in thickness fom 1.0 t020.8feet and was
underhin by Pierre Bale bedock Alluvium predomnantly consisted of aarietyof coarse
grainedmaterial. In severalfahe borings, cobbles and/or boulders werecountered at or
near the groundurface owhile diilling. The amouhof cobbles and bouldsiidentified in
onetestpit represent abdB0 to & percent oftie volume.Samples collectenh the test pit
bette represent thecoarser material, which waenerally a gravel with siltaad, cobbls,
and bouldes. The dluvium appears to be a deposit heterogeneaipartcleswith minor
amount of silt or clay. Coarser ofiner layers, eitbr vertically or lateally, were not
identified. The shear wawelocity of the alluvium rangeftom as lowas 800to 1,500feet
per seond (fps).

About 46 percent of the SPEampéesencounterd refusal (50 blows for less than 6 inches)
UncarectedSPT Nvalues ranged frorito 73 and average®5. The aluvium ranged from

dry to mois above the groundwait table and nist to wet below he groundwaterable. The
dersity ranged fromoose to very densd-our samples were nonplast Nine samples had
liquid limits that rangd from 20to 30 and plastity indices ha rangedfrom 2 to13, with
averages of 24 and Ggspedwely. The maxmum partice size was reavered in the test pit

and was 20 inches. HHrontal hydraulic conduivity measured in 38 rising head and constant
heal teds ranged from x10° to 3.1X1.0? cm/s and the gemetric meanvas 5.0x1¢ cm/s.

-,§

LY/

|\

37
RIH
?‘ %

o~ 43
= )

e -~ = D
CONSULTANTS, INC. 16134_22-07-07_SBC_Preliminary_Design_Report



Preliminary Design Report - South Boulder Creek Regional Detention Project
July 2022

8.4 Pierre Shale

Bedrock of the Rerre Shale fonaion was encounterdaelow alluvium and fi at depths that
ranged fom 3.7 t0 32.7feet below the ground surfacePierre Shale bedrock encountered
nearthe connetion of the dam embanlent and spillway aligmentsranged fron about 18
to 21 feet below thground surfacewhich is deper ttan dong the ignments of other
Project componeist Depth to bedock wasshaloweg along the southern portion ofeth
detentian excavation alignment abait 4 to7 feet béow the ground srface.

Pierre Shale is gendlya a low-permeability clayey shalecompmpsed mosit of low to medium
plasticity finesandis mostly soft to vely soft. Bedrock is generally horizontallyedded and
is predominantly unfraared Generally throughou thesite, Pierre Shale ifesh b sligttly
weathered.The interpreted top ofieatherd bedock had a sheawave velocity of
approximatéy 1,100to 1,500 fps, and the shear wave velocity iresed to 4,00fps within
the depthexplored

About 33 percen of the T samples encountered refud&®d blows for les than 6 inches)
Uncorrected SPN-values rangd fom 14 t062 and average®8. Recoverd sampes d
Pierre $iale were mstly dry tomoist. Liquid limits ranged from 29 to 46 and averagéd
Plastiaty indices ranged fror to 28 and averaged 19. dRar test results raegfrom 0.1 b
29 Lugeong1.0x107 to 3.2x10* cm/s)and the geometr mean was0.1 Lugems (1.8x10
cnys). Theunconfined compressive strength of 18 rock core sanmplegel from 71 to
1,261 pounds pexquare inch (psi) and avered) 389 psi. The unc@imed compresive
strengthof tested samplesis geneally higher alog US36 which average 624 psi, and is
genedlly lower toward the west side of the Project site, (i3 Boulder South campus),
which areraged153 psi.

85 Groundwater

During the gotechical investigatim, groundwagr wasencountereat depths of abo.0to
28.0feetbelow the gound suface. Groundwater was observed in alluvial or fill material,
andbedrak; andthe phreat surface exists within fill andluvium. The elevatio of
groundwater genally declired © thenorth, whichgenerallyfollows the slope of topography
and flowof SBC.

Monitoring wells in the fill have varied responses seaenalgroundwaer fluctuations ad
precipitation likely becase oflocal heterogengies within the fill. Groundwate levels
measurd in the monitorig wdls in fill vary up to about 8 feet seasdiy. Groundwater
levels from the monitoring wellsiialuvium varyfrom about 4 t@ feet seasonally and
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generally resond toprecipitationtrendsandirrigation activity on OSMP fields south and
north of USS®.
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SECTION 9 - HYDRAULIC MODELING

9.1 General

The existing regulatory flooglain model (i.e., Effeitve Model) along 8C consists of a
combindion oneand wo-dimensonal hydraulic modehat was developed using theKE
FLOOD software program. The Eftace Modelfor SBC through the City is from thgood
Mappng Study as doamentd in theSouth Bouldr Creek Climatolog/Hydrology Report
(HDR 2007). This model wasadopted by FEMA ashie Effective Model in 2008. jital
copies of the Effective Model weobtainedby DHI from the MHFD in October 2017

A CLOMR was prepared by Plenary Risaand Michael BkerJr., Inc.to document clanges in
the SBC flmdplain resultingrom the US36videningproject. Typically, a CL®IR is
performed using the same modelimpeoach ad softwareas the effectiveregulatary study.
However, modeling for thiELOMR was perfomedusing a oe-dimensionaHEC-RAS model
insteal of the EffectiveaMIKE FLOOD model. Ttke change in modeling appdeandsoftware
was discussed and approvey the City, Boulder County, MHFD,andFEMA. The CLOMR
model included widening 836, widening te US3 bridge wver SBC, and dding a duabarrel
wildlif e crossingulvert belomJS36. The HEGRAS model was subsegqrtly updated
following constructionand aL ette of Map Revision (LOMR) wasissued ly FEMA in 2017.

Project facilities will altethe SBCfloodplain loth atthe Projet site and downstream ofeth
Projectsite. Floodfain mappng changes are anticipatexincluderemoving large portions
of the West Valley fromtheregulatory flamdplain and minor floodplain changes along the
main sem of SEC. Pior to construction of the Project, a CLOMR will rexd to be btained
from FEMA, doaumenting changes to the didplan mappng. Development of thELOMR
will requiredevelopment of he llowing hydrauic models:

1 Duplicate Effective Model This modé is acopy of the Effective Model that is rerun
ontherg u e s eqaipménsto ensurd has been correctly tramsfed

1 Corrected Effective Model Thismode comrectsany errors in tie Duplicate Modkl,
updates the model to the latest versiothef sdtware, and incorpaates more detailed
or updated topogrdyy and LOVIRs.

1 Proposed Condities Model This model is mdified to reflect the posproject condibns.

Forthis 30-percent dsignsubmittal,theRJH Team developed a preliminary Correcte
Effective Modd andaPreliminary Proposed Conditions Model, wh are ascribed below.
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9.2 Preliminary Corrected Effective Model

DHI developed a Pretiinary Careded Hfective Modelthat was used as thadelne for
comparisons with the Preliminarydposed Condtionsmodel. The Effective Model
obtained from th&MHFD wasin the Version 2009 SPof the MIKE FLOOD softwag
moceling package. DHI upgradthe mocekls from Version 2M9 1 to Version 2017 SP1
to incorporaterecent software update

Both the 1@-year and 500year asign flood events in the Effeve Model are geerated by
a shortduration, highintensity hurderdorm (i.e., the 10§ear Thundestorm and 500-year
Thunderstorm). Initial model smations for the 10§/ear General Stan performed ly the
RJH Teamduring Concept Design resulted iner flood inundaton extents and depthisan
the 100year Thundrdorm. Based onhis evduation it was concludedthatthe
Thunderstorm is #ngoverningdlesgn storm for flood extats and depthelative tothesetwo
events. Therefore, the GenarStorm was not used in delopment of the Rtiminary
CorrecteceffectiveModel.

The Effective Model was modiéd to devebp the Preliminary Correctdeffective Mocel by:

1 Updating bathymieic and channetopogray using LIiDAR datafrom the postlood
2013 survey

1 IncorporatinguS36 embankment arimtidge modificationgeometryand the dal
wildlif e crossing culves from CD O Ts & S36 expansion project

1 Updating bpogmphic data at the Fext ste based 02017and2021survey data

Updating SBGchannekopography bsed onn-strean channel constructiosurvey
asbuilt drawvings

Correctng incomplée and/or ncorrect cuvert information from the Effective Model

Identifying and reolving culvertissues in thenodeling appoad usel in the
Effective Modelregarding 152D bypass at hgraulic structures

1 Updatingtle Ma n mrouadgnéss ceffi cient n Viele Chainel b reflectcurrent
conditions

A comparison of Effetive Model andPreliminary Corected Effeave Model resuts indicate
similar overallchaacteristics fothe 100yearand 500year events dpite sigificant cranges
to bathynetry and coss sectias andupdaes b hydraulic controls throughout the domain
However, thee are significat differencs (i.e.,greate thanone fot in depth) in specific
locations. Therera dso areas along therfige of the floodfain thatare remwed from the

1 L

A@q‘ m 41

I

AR &

NI

CONSULTANTS, INC. 16134_22-07-07_SBC_Preliminary_Design_Report

=9\



Preliminary Design Report - South Boulder Creek Regional Detention Project
July 2022

floodplain fa boththe 100-year and 50§ ear events.These difierenes ae likely theresult of
the hgher resolutia topogrgphy. A plan of differences in flood depthbetween the Edctive
Model andPreliminary Carected Efédive Model for the 106/ear event is presemt®n
Figure 9.1. Areas shawin green are aas thatwere part othe 100year floalplain in the
Effective Model butare removedor the PreliminaryCorrected Effecte Model.

Additiond informaiton for thePreliminary Corrected Effective Model is presedin the
Draft South Bouder Creek MIKE FLOOD Corrected Effedve Model Developrant Report
(DHI, 2020) that was peviously sibbmitted to the City.
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Figure 9.1: Difference in 100-year Flood Depth between Effective Model and Preliminary Corrected
Effective Model

SN 43
R

CONSULTANTS, INC. 16134_22-07-07_SBC_Preliminary_Design_Report




Preliminary Design Report - South Boulder Creek Regional Detention Project
July 2022

9.3 Preliminary Proposed Conditions Model

DHI developed Reliminary Propsed Condition#odel by modifyingthe Prelininary
Correcied Effedive Model. Revsions generallyncluded malifying the topograpie terrain
to reflectthe dam embankmerdeention excavation, spillway, and levee reval ard
modeling tle autlet works as culvert belowJS36. The Prelimnary Proposd Condiions
Model wasdeveloped taanswer the followng primary questiams for the 3€percent degjn:

1 Does thedvee along theas side of thre CU property neetb be remoed fa the
projectto meet hydrauli@and floodplain dsgn criteria?

1 What is the requirk hydaulic capaity of the odlet works?
Doesthe wildlife crossng need to benodified tomodify hydraulic capacity?

1 Whatis the preerred storage volume and conirgtion for the de¢nion excavation?

A series of modl runs were perfaned to answer theqquetions. Asummay of themodel
scenarioss presented in Tlale 9.1.

Note:

TABLE 9.1
HYDRAUL IC MODELING SCENARIOS
Outlet Wildlife

Levee Works Crossing Detention
Scenario Removed | Capacity®™ | Opening | Excavation
Scenario 1 No 2 100% Initial
Scenario 2 No 2 100% Expanded
Scenario 3 Yes 2 100% Expanded
Scenario 4 Yes 2 50% Expanded
Scenario 5 Yes 3 100% Expanded
Scenario 6 Yes 4 100% Expanded
Scenario 7 Yes 1 50% Expanded
Scenario 8 Yes 1 100% Expanded
Scenario 9 Yes 1 100% Refined

1. Number of 60-inch diameter pipes.

Additiond informationregading key nodel variables is ppsented blew.

1 Levee RemoMa For sceariosthat included levee removal, the gradiwgs
develomd assuming the levee is removedative gound, which isgeneraly the
wet-side toe of the hee.

1 Outla Works Capaity: The maximumdiameter of the odet workswill be limited to
about 668incheshasedon cover constraints below US36 dn@D2. For this
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modeling, we considered outlet vi«s corfigurdions witha hydrauliccapady equal
to one,two, threeand four 66inch diameer pipes

1 Wildlife Crossng: We eviéuated the impact of flows tbhugh thewildlife crossing on
the performancef the Project byonsideringa) blockingone of hedual wildlife
crossing culvets (i.e, 50-percent capaty) and b)maintainingfull capaity of the
culverts(i.e., 100-percentcaacity).

1 Detention Excavigon: The initial detention excavation gradjrplan provided 60 ac
ft of storage at theop of hedeertion excaavaton. Basedn initial modeling resus,
it appeas that addional staragewill be benefi@al, soRJH develpeda n fiex pandedc¢
grading plartha provided alout 105 a€ft at the top othe deéention excavation. This
grading pan was tlenrefined to providemore degiable coditions for localdrainage
andvegetation estalishment. The refined gading pan provide 73 acft at the top of
the cetertion excavaton.

Additional informationregading the proposed conditions modelpresergdin Appendix B.1.
A plan ofdifference in 100year flaod depths b&teen the Reliminary Correced Effective
Model ard the PropsedConditions Model for Scemas 8 ard 9 is pesented on Figures 9.2
and9.3, espectively. A summary of proposeahditiors nodel resutsis presented infable
9.2. Based orthemodeling resilts, Scenaio 8, with the expanded demntionexcavation
grading does not increase downstimflood impacts ompared to the existing ndition.
However, minor increases inwastream floa impads (i.e., upto abaut 0.1 feetiare
anticipatedwith the refneddetentionexcavaton grading pla (Seenario9). Additional
refinement to the detenticexcavaton gradingwill be required in thenext sage of design.
Theoptimum storge vdume of he deéntionexcavaion that wil not cause downstream flood
impacs islikely samewherebetwveen the epanded gradng (i.e., 105 adt) and the refined
gradng (.e.,73 acft).
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Figure 9.2: Difference in 100-year Flood Depth between Preliminary Corrected Effective Model and
Proposed Conditions Model - Scenario 8
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Figure 9.3: Difference in 100-year Flood Depth between Preliminary Corrected Effective Model and
Proposed Conditions Model - Scenario 9
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TABLE 9.2
HYDRAULIC MODELING RESULTS (100-YEAR)

Peak

Max WSE Max Peak Flow | Peak Flow Peak wildlife

at US36 WSE in USs36 S. Boulder Outlet Crossing
Configuration Bridge Pond Bridge Rd. Flow Flow
(ft) (ft) (cfs) (cfs) (cfs) (cfs)
Existing 5361.5 N/A 3682 5477 0 810
Scenario 1 5362.0 5360.9 4128 6134 705 899
Scenario 2 5362.0 5359.5 4124 6061 677 899
Scenario 3 5361.3 5362.3 3378 5294 734 850
Scenario 4 5361.4 5362.9 3571 5088 746 421
Scenario 5 5361.3 5361.8 3376 5431 979 850
Scenario 6 5361.3 5360.9 3378 5609 1246 850
Scenario 7 5361.6 5363.4 3852 5135 351 444
Scenario 8 5361.2 5363.0 3374 5045 348 862
Scenario 9 5361.4 5363.3 3573 5293 350 865

Key takeawaydrom the proposed calitions modelingnclude

1 Thelevee needt be removed for ther8ject to meethydraulic am floodplain
desiqn criteria. Ifthelevee isnot remowed, then a sufficient amount of watannot
be convegd inb the facility.

1 The preérred outlet works aafiguration is a sinig 60-inch diameter atlet pipe.
The hydralic capacity ofthe wildlife cressing des na need tobe maified.

1 The xparded detention excavation grading plan (16%tpaprovides sifficient
storage to reethydradic and floodplain dgign criteria. Theeafined deention
excavation grading plan (78cft) will cause smallwater surfacerisesup to 0.1feetat
some areasThe ogimum storage volume of the detem excavation is likely
sonmewhere between the expandgeding (i.e., 105 aft) and the refineg grading
(i.e., 73 asft).

We conservativgl seletceda 100year waer suface elevation of E5363.8 b usefor seting
the top @ the spillwaywall and dancrest.

As the dsign progreses, we antipatecontinung torefine the Preiminary Proposed
ConditionsModel. This model will serve abke bass for future rgulatory floodplain

permitting advities. We alsolanto devel op a @Al ocaldd. The oposed
locd model wll be a trunatedmodel exendingfrom about Higpway 93 to BaselinRoal.

The local model will allow for smbdr giid sizes and prade more detailed hydraulic
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informaion at key locaibnsto inform the selection of design featurér exampe, we will
use the locaiodd to evduate \elodties alongthe upstream facoaf the spllway wall to
identify if erosionprotection is requirel.

9.4 Alternate Existing Conditions Model

The Effective Model in MIKE FLOOD has historically beehallengirg for the Gty to use
asa regilatory model kecaise MIKE FLOOD is a proprietargoftwarethat is not widely
used in indusy for reguatory floodplain models. The City is intestd in the possibity of
using the USACE HE@RAS software progra for futureFEMA floodplain updateso SBC.
HEC-RAS isa pwlic domainhydraulic modelingsoftwareprogram that was been widely
adoped bymunicipalities,regulators, consultants, develapgand floodplainmanagrs.

RESPEC developed an Alternate ExigtConditionsModel usng HEGRAS. This model

was devebpedto facilitate comparison tdne MIKE FLOOD Preliminary Corrected

Effective Mocel discussed ahv@. This comparison will be usédinfor m t hse Ci t y 0
dedsion d whether to transition the Projdugdraulic nodeling andpermitting toHEC-RAS.

The Alternate ExistingConditiors Model was dereloped using as much information fraime
Preliminary Correatd Effective Model as reasonahppssble for consisency. Modd input
obtained from the MIKE FLOODnodel inclided Mannirg $ngrid, digital elevaton moakl,
hydraulic $ructuresinformation, and inflow hydrographs and locations.

While bath MIKE FLOOD andHEC-RAS are based on hydraupadnciples of conervaion
of mass and momentum, there are ddfees in comptetional algorithms, egatians, and
approabesthat will result in difference inflow depths and extents between thedais. A
significant dff erence between the two modeidhatthe Alterna¢ Existing Conditiors
Model was developed usiragopographiderrain grid cell sizethatrangedfrom 25feet by
25-feetupstream of the B36crossng to 150feet by 156feet in theupstean portions of the
model domain while the MIKE RLOOD model used g cell sizs that ranged from 1 to 2
metery3.28 to 6.56-feet) aoundUS36and 4 meers (13.12feet)elsewhee. A significantly
smallercell sizecan be used for the MIKE RROD malel becaise DHI has computemith
processing capabilgs tha are more pwerful thantho utilized bymast consultants

Based on aamparison of the Alternate Corrected Effiee Model anl Prelimnary Corrected
Effective Model resuls, overall characterstics for the 100-year flood are sinilar. However,
there are significant differences in flow dept®l extents atspecific locations The mean
difference in water depths beten the twanodels § 000048 feet with astandrd deviaiton of
0.56feet Differencesin water sirfaceelevation (flood depth)oetween modelare shown on
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Figure 9.4 There isanaverage difference of 1.1 feet between thedel overtopping US36
into the West Vallg with MIKE FLOOD having highewater depths.The discrepancy is likg
the reault differences in cd size in this hydraulically compk area

Differences in fbw rates Etweenthe models are presented in TaBl8. The largest
differerces @cur atculverts, and alibraion of aulvert hydraulicscould be performed to
decrease hediscrepang betweerthetwo models.

TABLE 9.3
PEAK FLOW RATE DIFFERENCES
MIKE
Location HEC-RAS FLOOD Difference

(cfs) (cfs) (%)

Approach Highway 93 7,125 6,643 6.8
Approaching US36 7,370 7,159 2.9
US36 Bridge 3,906 3,811 2.4
US36 Wildlife Crossing 751 856 -14.0
US36 Flow Split 2,795 2,704 3.2
US36 Overtopping 2,423 2,338 3.5
South Boulder Road 2,899 2,734 5.7

| n RES P Edohe floodplan delinedion and reslting 100-year watewsurfaceelevations
develomd using HEERAS compeae reasorably to those developedsing MIKE FLOOD, ad
HEC-RAS will be a reasondd mockl touse forfuture floodplain modeling of SBC.

Additional information rgarding the Alternate @rrectal Effective Model is pesented in
Appendk B.2.
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Figure 9.4: Difference in 100-year Flood Depth between Alternate Corrected Effective Model (HEC-
RAS) and Preliminary Corrected Effective Model (MIKE FLOOD)

- - — =

CONSULTANTS, INC. 16134_22-07-07_SBC_Preliminary_Design_Report

ﬁ? 51



Preliminary Design Report - South Boulder Creek Regional Detention Project
July 2022

SECTION 10 - DAM EMBANKMENT

10.1 General

The camembankment i consistof a zoned eartiif embankment with iternd fil ters and
drainswith abarrier wall throgh the foundation soilsxtending ito the urderlying Rere
Shale bedrock. The dam embankmeititextend along the mth and west pion of the
CU Boulder Southcampus. The danméankment will be appkimately 3,000-feetlong
and wil connect to natwal high groundwhichis Piere Shde bedrod, atthe west (left) end
and to the spillway at the east (right) end.

The dan embakmentwill consist ofa cential core(i.e., Zone 1), athupstream and

downsteam shells (i.e., Zmne 2). The central cefZone 1)will be 10 feet wide and wii

have sufficiently low permebility to reduce seepage losses. The upstream and downstream
shells(Zone 2) will consitof fine-graired to coarsgraired mateials. The danwill havea

crest width 6 17 feet, which wasdected based on SEQiteria andto provice a suffcient

travd corridor for maintenance vehiclehe upstrem and downstream slopewill be at

4H:1V to reduce longerm maintenancena provide improved agheics. The embankment
crest will be atelevation(El.) 5371.2 This provides 2 feetof freeboad abo\e therouted IDF
water +surfaceelevaton (WSE), which is greater thnthewaverunup

Interral filter (i.e.,Zone3) and drainge zones (i.e., Zom® will beincludedwithin the
embankment to sdfemanage sgagethrough the embankmefill. The seepag
maragement colleobn system wi include a 4foot-wide Zone 3 chimey filteradjacent to
the downstream edgofthe Zone 1 coe and horizontal fingr drains that will convey
se@age from the chimey to thedownstream toe drain. Thienger drainswill be 3 fet thick
and D feet wide ad casist of 1-foot of Zone 4 mateal surrourded by 1 foobf Zone 3
materal. Thefilter and drainage zones witlonsist of speciallygraded sand and gravel.

The embankrart will include a toe drai system to collet andmanaye sepagehat is
colleded by the embankmefilter/drainage zones and toontrol goundwatetevels
downstream of the den. The toe drain syan will collectand convey flows using-hch
diameter ktted polyvinyl chloride (PVC) pipes with griodic marhole cleanous alongthe
alignmen. The embankment filter/drain m®t anicipated to regularlyconvey vater because
the cetentionfacility will usudly be empty. However, basednopropose conditiors
groundwater modeling (s&=ction 12), thembarkmenttoedrain will like ly cadlect
groundwater along the west edge loé Projet site(between thembankmenhand Tantra
Drive) duringseasonally lgh groundwater peiods. In this ara, the enfbankment te drain
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pipe will be instdkd near or sligtly albove the sasonal-high goundwater level to
facilitate construction angreventthe raitine collecton of graindwater.

We deggned thetoe drain ppe to redistribute collectedvater into thesubsurface We
anticipate thasome otthe colkected water will re-infiltrate alongthe length 6the slotted e
drain pipe as it flows thragh locations wherthe pipes above theaturd groundwater
table. Also,exfiltration areas willbe placed at the ends of the toe drairepip reintrodice
collectad waterto the groundwater systn. Weir boxes will be provet! within vaults
periodicdly alongthe toe dain alignmat for flow monitoring.

A barrierwall will beused below the embanient dam to manage seepage thraigh
foundationsals when the resepir is staing water andvill consist of a3-foot-wide soil-
bentonite barrier wall bew the Zone 1 core of the emukment that will extend Seet into
theundelying Pierre Shale bedek.

Foundation soitonsistof fill that waspreviously placed to réam the CUBoulder South
campusafter mining operations and alluvium near the righitenent. The keft abutment wi
connect tdPierre Shée bedrock Theexisting berm (wesberm) on the west sidd the CU
Boulder South campuwiill be removed for constiction of theembankment. Thisvill
involve excavating the existing earthen berm ssing he maerial for earfill.

10.2 Analyses
10.2.1 General

RJH performedgeotechrsal analyses to suppontgiiminary desyn of the dam erlpankment.
These analysesacluded a ewvaluation of waveunup and freeboard, material properties, slope
stabilty, seepge, and seismic defanation andaredescribed below.

10.2.2 Wave Runup, Spillway Routing, and Freeboard

Required freebardwas identifed using guidance fromeHJnited SatesBureau of
Reclanmation (Reclamation) Design Standards No.(R&clamaibn, 2021) in acordance

with the SEORules and Bguhtions (SEO, 202a) andis based on wave runup. Freeboard
was evaluateddr the fllowing conditions:

1 IDF Pool (El. 370.8)plusrunupand ®tup from a wind velocity exeeled10-percent
of thetime, whidh is 15mile-perhour (mph).

1 100-Year FloodPool(EIl. 5363.8) plus ruap and seup from a 100mphwind velocity.

1 L
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1 Earthfill embankment at 4 horizontalto 1 vertical (H:V) slope caoered wth native
grasses.

Based on these anaks, the computed wavrunupwas les than?2 feet of freelbard selected
by RJH.

A spillway routing analysis was performedising the weir equation to identifyefDF pool
The IDF poolwascomputedto beat El. 5369.2for a2,20Gfoot-long spillway.

For preliminay design RJHsekctal a dam crd<El. 5371.2 lased on the spillay routing
analysis pls 2 feetof freeboad to beconservativeand account for @mges dued hydraulic
modeling. We amtipate thedesig elevaton of thedam cresto be modied during future
designpha®s based on additionlaydraulc modeling.

10.2.3 Material Properties

The dam embarkmert core(Zone 1)will be comprised of onsite fine greed borrow
material, and therabanknent $iell (Zone 2)will consst d materialthat could rang from
fine grained @ coarse grined material soued from onsite exavationsor importedas
necessay. Hlter (Zone 3)and drairmaterial(Zone 4) were considered to be imported for
preliminary design, but possily could be processed froomite alluvium. Zones 3 and 4
are expectedio be importel from a canmercial souce and were combinedto a
homageneoudilter zone for analses. Foandaton materals beneath the embankmeméfill
(mostly clayey sard), alluvium (generallgand and gravgland Pierre Skle bedrock. fie
foundaton soil was modeledasone unit and w&s based on amgeof mateial properties that
are conmslered tobe mnservatwe for both the fill and alluvium for thgpes & andyses
being performed. Thedorier wall wil consist of sdibentonite.

A sunmary ofthe mateial propeties used for segge and stabijtmodelingis presented in
AppendixC.1

10.2.4 Seepage and Slope Stability Analyses

RJH performed twalimensioral seepageand slope stability atgses using theomputer
prograns SEEP/W ath S OPE/W, which are pa of theGecdStudio 2021 savare package.
Analyses were performed for a typical sgion of the enbankmenselected near the
maximum embankment sean andwhere Vide Channel is closest the downstreartoe.
We considead thecrestof thedeention exevation upstream of the embe&kment to be 20
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feetfrom the upstream toe of thembankment ahata 4H:1V slope to thbeottom of the
detentionexcavatio.

Loading conditions and requicesafety facta are from USACE EM 1112-1902(USACE,
2003b)in accordarte with the SED Rules and Rypulations(SEQ 202®). Analyses were
performed for the followig key loadingcondtions:

1 Steady stateanditions with anemptyresavoir (seepage of groundwater into an
empty detentiomxcavation).

1 Empty reservoir atthe end of cangruction.

Steady stateonditions from a ful reservoir (estimated 10§ear foodwater surfae
El. 5364).

1 Rapid drawdowrirom a full reservoitto thebottom of the detention excavatio

Evaluating teady state condans is consevative becauseteady stag conditions are not
anicipated todevebp during short-term reservoir impendments. Seege analyses were
performed fo the following foundition conditions and downstream hydrautionditions:

1 High-permeable fouration materibproperties tarepresenglluvial soil and typcal
groundwatercondtionsin Viele Channel for the ermypreservoir cadition and an
empty Viele Chanelfor the full regrvoir condtion.

1 Low-permeable foundatiomaterial proprties to represefill soil and typical
grondwater ondtions in Viele Changl for the empy resvoir condition and an
empty VieleChannel for ti full reservoir condition.

1 High-permeable foundain mateial properties to represent aliaVsoil and bak-full
water condions in Vide Channel.

1 Low-permeable dbundation material ppeties to repese fill soil and bankfull
water couwlitions in Vieke Channel.

For all analyzed auditions, the strengtof the foundation material was based lonver-
strengthconditions of fil, whichis conservative Bank-full condiions in VieleChamel will
maintan the phreaic surface higher, ande more conseativefor stability analyseshan
either the typial goundwaer or empty VieleChannel condition. Results usintaterials
properties that ppduced the most consative corditions (ie.,highest phieatic surfae) are
presentd in Table10.1.
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TABLE 10.1
SEEPAGE MODEL RESULTS
Loading Analysis Exit Flow Rate into

Condition Conditions Gradient® Flow Rate® Toe Drain
(gpm per foot) | (gpm per foot)

Steady State - | Low-permeable

Empty foundation soils

Reservoir and bank-full 0.3 1.5x103 Not Applicable
conditions in Viele
Channel

Steady State - | Low-permeable
Full Reservoir | foundation soils
and bank-full <0.1@ 0.04 3.6x102
conditions in Viele
Channel

Note:

1. Exit gradients are generally less applicable in fine grained materials.

2. The flow rate is calculated as all flow passing through a section that extends from the top of the
embankment to the bottom of the bedrock in the model.

3. Exit gradient into the detention excavation.

4. Exit gradient 5 feet downstream of the embankment toe.

Stability analyses were perfoet based on th@ost consevative results othe €epage
andyses for eah loading condition. Stability raks arepreseted inTable102.

TABLE 10.2
SLOPE STABILITY MODEL RESULTS
Computed Safety Factor Required
Upstream Downstream Minimum
Loading Condition Slope Slope Safety Factor
Steady State - Empty 2.2 2.3 1.5
Reservoir
End of Construction 15 1.6 1.3
Steady State - Full Reservoir 2.0 2.0 1.4
Rapid Drawdown 1.1 Not Evaluated 1.1

We concludghefollowing based on the model results:

1 Accepable seepageoaditionswill exist if steay stateseepag accurred athie 100-
year floodwater suface ele@ation The core, barrier wialand toedrain effectively
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manageseepage ahgeneraly maintain thephreatic surface below the natural grod
surface dowmstream othe dam (i.e., belw the downstrearshel)).

1 Seepage and stalyliconditions are i@dictedto beacceptable for both typeof
founcktion soil (lowerpermeabe fill versus higherpermeable alivium).

1 Bankfull flood conditions inViele Channehbre not prdicted to adversglaffect
seepager staility performance othe dam. Howevehigh wate levds in Viele
Channel cou restrictthe abiliy of thetoe dain pipe o drain.

1 Upstream andavnstream slopes at 4H:1V are acceptaifor all analyed slope
stability loading onditions.

A summary ofthe seepage and sthtyi modeling is pesentedn Appendix C.2
10.2.5 Seismic Deformation

We estinated seisic dgformationusng the Svaisgood proedure (Swaisgood, 2003) which
is appropiate for nonliquefiablematerial. We expa the foundatiorsoil to be non
liquefiable ecause the matelis geneally medium dense tdense ad ranges from fine to
coare gained The pe#& ground acceleration (PA) was esimated forthe desgn seismic
event with aecurrencenterval of 5,000years (see Sectio7) and the site adjustd PGA was
0.25¢g forvery densesoil ard soft rock. Aconserative seismic hazard wasaduated sing
an eathquake magnitude of @. The anount of seflement expected due to the design
seismic gentis about 0.2nches. This ammt of setlement is urikely to result in beach of
theembanlknent and doesat contol the embankment design.

10.2.6 Camber
Designof embankment camber Wbe performed as pa of the60 percent Project degi.
10.2.7 Upstream Slope Protection

The reseroir will typically be enpty. Inour opinion, erosion of the upsim dopefrom
waveaction is not anticipate@ be a dam safetyoncern,and riprap or ther hardened slope
protection is notnecessary Based on previous discussiwwith the SEO, a pernm&nt &oson
control blanket willbe installed along the upstrealoeand wll exterd from the upstream
toe to heembankment crés The @osion controblanket will be bured, and the upstram
slope will be vegetated with nativeags.
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10.2.8 Downstream Slope Protection

The alignmenof the dam embankment has geligraeen bcaed sothat the downstream toe thfe
embankment iabout 50feet from the dp of theright bankof Viele Channel.The embankment
will need to be designeo safely withstan@ PMFin Viele Chanel. RJH pedrmed a hydraulic
evaluation to idntify impacts to the embanient from flows in Vele Channel.Based on our
analysedlows in Viele Channel during theMF will not produce viocities and shear stresgest
would cause erdasn of the downseam slope Thereforedownstream slope proteonis not
required. Additional information regarding the Viele Clannel hydaulic analysiss discussed in
Section 14.

I n RJ Hiénspotenpal impact® the dimembanknentfrom an ekreme flood in Viele
Channel appedo be ngligible,and a grassovered slopelould be aequateo maintan a
steble emlankment ad more rolost eosion potedion of the downstream sleps not reqired.
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SECTION 11 - SPILLWAY

11.1 General

The spillway will consist of an abowgroundconcrete wall suppated by secant piles that will
providestructuralsupport and belowround seepge control thaextends along the US36
corridor. Thespillway will be appoximately2175feet longand will conrect to the earthfill
embankment ahewest(left) endand to the US36 embankment at the eagtht) end.

The dignment of the spillvay for the 30percentdesign was selected to avoid impacts to
existing utilities within the CDA ROW and faditate constuction. The location of the
utilitieswithin the CDOTROW varies along the US36 corridor; hove, near the weénd
of the spillway theutilities are loated near the southern edge of the COROW. The
centeline of the spillvay will neal to be aout 45 feet from the CDOT ROW at thiscation
to maintainthe exising utilities and provide reasahle room for costruction of below
groundportions of the pillway and groundwater conveyance gyst Forthe 3Gpercent
design, wanaintained aconsistat offset of 45feet from the centerlmofthe sillway to the
CDOTROW. The offset distanceoud be reducedvhere feaibleto reduce impacts to
OSMPbasedn the locations of existing utiliteewithin the CDOT RW.

11.2 Spillway Wall

The spillvay wall will consistof a vertical, reinforced concrete wHikatvaries in heigh
abovefinal grade fom aout 6 feet to10feet. For anajority of the spillvay alignment, the
top o wall will be sefat EI.5364.8 This isonefoot aboe thel00-yea watersurface
elevation. The spillway walvill be set aEl. 5371.2at the connection tthe emlankment
damto prevent overtoppig during the PMFand at EI5365.8at the conrection to US36 to
reduce he frequency of overppng during extremesverts.

Reservoirandspillway routing for the PMF was performadng the MIKE FLOOD model
describd in Section 9 During the PMF, fbws will travel along the upgtamface of the
spillway wall prior to overtopipg the wall. Flowswill overtop the wallnon-uniformly. The
spillway will initially be overtopped @sestto SBC. The aea between the spitay wdl and
theUS36 road efmankment is a hydraulic congttion andwill quickly fill with water once
the spilway wall begingo ovetop. Tailwater wil eventuallysutmergethe spillway wall
during the PMF.
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RJHpeformed gestructural analyses to ideifly the requiedthickness othe wall. This
evaluation waperformedfor the canbined spillway wall and secapile foundatiorsystem
RJHperformed tw-dimensionabndysesusing the DeepEX software program deyed by
DeepExcavdion, LLC. Both 108year ad PMFhydraulic loadswere evaluated. The model
consdered hydostaic water conditions on each sidetbtie wall (i.e. seepagdeneadt the
secanpile wall wasnot evduated). Based on the results of tinedel, a Efoot-thick wall with
appropréte steel reirforcementwill generally be adequate for thalivay. Forthe 3Gpercent
design thereinforcemenpatern for thespillway wal was#7 barseach face rad both was at
12 inches The reinfocementpatternfor the spillway foundationwasmodeledfor evey other
secam pile with 11 #9 bardor vertical reinfocement and#5 hoopsevery 12 inchesAdditional
structural elements wilikely be required athe bas of the wall neathe connectiorto the
secant pileand ple cap The reinfocement pa#rn and additionatrucural detailswill be
developed in futuretages of design. Addition&hformation regarding the spatay wall
evaluationis presented in a technical mematam in Appewuix D.1.

Variousarchitectural treatmentscould be considered to the spillway wall ionproved
assthetics in future stages design. Some options incledconcrete staining or stampjng
architectural trellises to facilitate plant growth, oulinear aignment etc.

11.3 Spillway Foundation
11.3.1 Deep Foundation

Foundation conditions ahg the spillway consist of coarsgrainedalluvium overlying Pierre
Shale bedrock. Bedrock is expedto beabout 21 feet below the ground surface near the
west (ldt) end ofthe spillway ard 8 feetbelow the gioundsurface near the east (right) erfd o
thespillway. Foundation soils along th@i#iway contain cobbles anabulders, whictwill
precludeinstallaton of driven seepage control (e.g., sheet piles

RJH nitially considered mitiple alternaives for afull cutoff for the deep foundation ihaling
structurd foundations (secant pile walnd diaphragm wall) ancbn-structural seepage barriers
(sheet pewall, soil-bentonite slurry wall, vibratingdam wal) soilmixing, chemicipermeaton
grouting, jet grouting, and an earthen core trenclhhesecant p# wall was identified by RJHsa
the most desirable optidrased on technical and econoroonsideatons.

The spillway foundation will consistf a seant pile wall that wil exterd through the
alluvium and into bedrock. The purposediod £cant pilefoundation are to provide
structural support for the siay wall and to provide a seage barrieto redrict flows
through the coarsgrainedalluvium during tmes of flooddeenion. A seant pile wdl was
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selected because it can bstailled in chalbnging subsurface conditions€., cobbles and
boulders)and provides more structuralgport conparedto other types of cutoff walls (i.e.,
sheet pile,slurry wdl, etc.). Theseart pile wdl will be constructed by drilling shafts and
backfilling the $afts with reinforced concrete

A reinforced concreteile cap will be constructed #te top ofthese@nt pile wall to transfer
loads from tle structiral wallto the secatrpile wall and to provide alevel surface for
installing forms ér the structurawall.

RJH performed geostctural analyses to identifsizing, spacing, and embedmeélepth o
bedrock for the secant pile foundation usitigg De@EX modeldescribed irthe previoussecton.

Basedon this analysis, we concluded thia¢ secant pils should extend about 8 feetlow
the top of the bedrockSecant pile embedment shobkl measwad from the top of
competent bedrock that ismgrally moderatelyweatheredd freshand maderaely fractued
to unfractured. A secant pileadneter of 4 fee with centerto-center spacigof 7 feet will
generallyprovide sufficient structuralupport forthespllway wall.

Additional information rgardingthe spillway foundatio evaluation is pesentedin a
technical memorandum in Appendix1.

11.3.2 Shallow Foundation

An alternativeto the secant pile foundan (i.e., deep foundatiompaybe to comstructa
reinforced concrete spreacdtong (i.e., shllow fourdation). The pread footing will be
desgned to provide sufficient structirsypport for hespillway wall; howevera sepage
barrier to bedrockvill not be included. A shalefoundationwill be beneficial because it
will allow groundwagr to flowthrough thealluvium benedah thespillway during normal
(nonflood) conditions. However, ashallow foundatiorwill alsoallow high seepage rates
through the spillway foundatiornuding flood loals which will needto besafelymanaged

RJH performed ptaninary analyses toevauatethefeasiblity of using a sallow foundation
to support the sglway wall. We identified apackwad erosion piping ahb) uplift of the
spillway apon as beinghetwo most credible sepageelatedpotental failure modegPFM)
for a spllway founded an ashallowfoundation. We erformed préminary stdility analyses
to develop appropriate fadation geometries and thegperformed simplifiedeepage
modeling toidentify exit gradients, uplift presses onthe spillway apropand flov rates that
will need to be cdiected by a draiage system.Using reslts from the seepage modeling, we
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performeda sinplified potential &ilure modes analysis ttevel@ event tres ad estimate
the probability of failue forthesetwo potental failure mods.

In our opinion, a shilow foundation isechnicaly feasible and will likely beless expense, hut
inherentlyis slightly higher ri& than a @ep foundation with fullseepage cutb If the City
electsto mowe forward with the shalloiounddion, addtional aralyses e neeéd tocorfirm
that the incease in risk falls below tolerable risk kg icentified by the City and SEO

11.4 Spillway Apron

The spillway willdischarge tdhe aea letween the spiway wall and the US36 roadway
embanknent. Thisarea cosists ofboth CSGMP popaty ard the CDOTROW and includes a
regional multiuse trail. An energy dssipation facility § neededa reducethe likelihood of
scourand erosiomwhenthe gillway is opeating Theenergy dissipatioratility will consist
of areinforced cormretespilway apron immedately downstream of the spillway wall.

RMH performed lydraulic analyses tsize the pillway apron. The spillway hydaulics are
more complicated than aypical weir with anapronbecause

1 The «isting ground gewerally slgpes @wnward, and the teight of the spillway wall
generally increases froeast b west(i.e., right to left) Flows will travel paralel to
the spillway wall pria to ovetopping the wdl Flowswill overtopthe wal non-
uniformly. The spilway wall will initially be overtppedclosest taSBC.

1 Thearea between the spillwayall and the US36 road embanent is a hydraulic
constrictionand wil quickly fill with water one the spillwaywall begins to overtop.
Thiswill create sgnificant silwater on thespillway apron.

RJH peformed areview d tedhnical papers related throp-spillway energy dissigeon. The
unigue hydralic condtions atthe spllway do notfacilitate the direct seof standard
engineeing reference documes 1 sizethe enegy disspation failities. Moststandard
refererces for spillway and weir hydraulicsvere agvdoped for shorter drop spillways,
assumd uniform weir overtopping anfbr an ursubmergedveir, anddo not accountor
energy dssipation from hgh tailwatervalues.

We identified a technal report by the Reclamationg€hnical Repdrn(TR) REGERG-74-9
Hydraulic ModelStudiesof Plunge Baais for Jet Flow(TR 749) (Reclamation197), that
evaluated thenfluenceof tailwater onenergy dissipatio from jet flow. Thisreport focused
on jet flow from a gate valve rathénan an overtiw weir. The nappdrom anoverflow weir
will perform diferently than jet flow from a gate va when subjected to sigridant
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tailwater. However we did not idenfy any otherstudiesthat evaluated thenfluerce of
significant tailwatedepths on engy dissi@tion of ajet. We seleted to sethis approach
for preliminary design of the spillwaapion and have endeavoradconserative aplication
of this approach

Based onhis ealuation, we conservizely selected apron lengths thatry along the
lengthsof the spilway. The apon lengh is 12 feet athe eas{right) end of the spillway rad
increassto 18 feet athe wesfleft) end of tle spillway.

It is possible tat a nore detailed ealuation could resulin a cecrease to the size of the
concrete pron. Thiswill likely requre develging a canputation fluid dynamianodel or
performing a physicemodd study. Either of thesecould ke perfamed in thefinal designif
the City desres to evaluate deeasirg the size of the aprorHowever, thébeneit-cost of the
construction costsavingsor themorerigorousengineeing analysis shold be evaluated

Additional information regeding the spilivay evaluation ispreentedin a techical
memorandum in Apgndx D.2.

11.5 Abutment Connection to US36

The spllway alignment a the right abutmentwill bend and extend perpendicular to US36.
This section bthe spillwvay will be set at E5365.8 (1-foat higherthan the majority of the
spillway) to redwce the fregency of overtoppinguring extreneevents The gillway will
terminate inthe US36 radvay embankment. The spillwayall and seant pilefoundation
will extend tothe point where tle top of the spillvay wall is elow the existirg US36
embanknent. A vetical soikbentonite dlled shaft will be costruwcted athe edgeof the
spllway wall and scant pile foundation toeduce the kelihoodof a seepag pathforming
alorg the conneatin.

The multruse trail will extend over theeast (ight) abutment of the splilway. An earthfill
ramp will be plaed along bdt sidesof the sjllway wall at thislocation to accommodate the
multi-usetrail. Additional informaion regardinghe multi-use trdiis preseted in Section 15.

Theright abutmenof the spilivay will be higher in elevationhan the spillwayontrol
sedion, ard therefae the sdlway abument is not predicted to be extoppel during the
design flood @ent (100yearevern). Howeverthe spillwg abutment and US3®adway are
predcted to be oertopped dring the PMF event.tis important bhat the staitity of the
spillway abumment is mantained during extreme floodrents b protect agaist an
uncontolled releas®f the detained dodwaters ad to meet SEO req@mens.
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RJH dentfied andevaluated dur PFM that could occur during endme loading eents and
patentially compromise thepillway abutment:

1 PEM #1 Abutment Beach from Spiivay Flows. This failure modewill be caused
by flows that ovetop the spilway as interded, and subsequentlisa overtop US36.
These flows could esseerosion ofthe US36Goadway fill, and the abutnmé stability
might be compomised if he erosion eroacled too ear the connection between the
spillway and abutment

1 PEM #2 Abutment Breach from Abutment Overfaping. This failure modeill be
cau®d byextreme food eveatsthat overtop the righttatment of the spillway.
These flows cold erode sdifrom the abtmert, which might result in a breach the
abutment if the ersion wes seere enough.

1 PEM #3 Abutment Breach from South Boulder Créd&ws. This &ilure nodewill
be caused by wet thet is retained upstreaof the spillwg and flowsdowngream
through South Boulder Creek beneath the 36®ridge. Theseflows cauld cause
erosion of the US36 roadhy fill and a breach of the spillwaypatment if flow
conditionsin this area were higherosive.

1 PEM #4 Seepagénstability d Abutment. This failure modewill be caused by
seepage throughe alutmern (beyond the dge ofthe spillway) that develog during
detention of floodwaters. Thisepage couldadwersdy affect the abutment i
excess/e seepage forces oplift pressuresievelop davnstream of thespil lway.

RJH developed a simplifidwo-dimengonal hydraulicmodelng using the USACE HEC
RAS 5.07 software program to identify hyddic loading onditions & select locationsafr
each 6the PFMs. PFMs #12#and #3 werevaluated § deweloping anrembankment
erosion model using the Nmal Resouces @nservatio Senice WinDAM software
program. PFM #4 was evaluated by depaiga seepagmodel usiig the GeoStudio 2021
Seep/W softwargrogram.

Basedon the evaluation pfarmed byRJH, the fou PFMs evaluated in this stage oésign
are na predicted toadverséy affect the stability othe spillway abutment. Additional
information regardhg the abunent stability evaliation is presertl in a technicla
memorandum in AppenxdD.3.
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SECTION 12 - GROUNDWATER CONVEYANCE SYSTEM

12.1 General

Thefollowing Project compoentsare anticipated to impact the natural flow ebgndwater
at the ge:

1 Barrier wall belowthe embankmerdam
9 Barrier wall around the detention excavation

1 Secant pile wall below the spillway

Groundvater comveyance /stemswill be included to migate e impacts from thes progct
fadlities and generayl maintain goundwater levels and flopattens that & similarto the
existing (i.e., preconstruction)conditions. Groundwater conveyancgstens will be

installed at two locations: along thepillway andalong the to®f theembankment dam at the
westside of thesite. The systems will béesgned to oprate passiely (i.e., via gravity)
without the needor routine operator intevenion or pumpirg.

12.2 Spillway Groundwater Conveyance System

Thepurpose ofthe spillnay groundwaterconveyage system is to conveyaundwater past
thespillway dignment ad mitigateimpacts from the secant pile foundatiomhe system is
designed tg@rovide higher hyraulic capacitythan he current hydraulic gacity of the
aquifer so hat thegroundvater lewels upstream and downsam of the splivay will

natually balarte and thegroundwater systerwill generally contiue to function consistent
with historic comitions.

The spilway groundwater conveyansygem wil include the dllowing key conponents

1 Collection trench on thepstream (sath) side of tte spillway. The purposeof this
trench is to collect groundwatupstream of the secapile wall and preen the
groundwate level upstream of the spivay fromrising higher than its hstoricnatural
level. The collection énch will belocated 11 feetipstream bthe spillway and will
consist of a 4oot wide and4-foot-deep trench with &0-inch slotted FC pipe
surroundedy filter material. The fier materal will be filter compable with the
surrounding alluvium andso with thepipeslot widths. The hydraule condutivity
of the collection trench is abo@1 times greatehan tke alluvium. The rench will
extendfrom about 2 feet above tof@et béow the seasonalliow groundwaer level.
Theinvert of the pipe vas set to bat alout 10 inches belowhe sasonallylow
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groundwater legls so that the histizc seasonally low grouwtwater levels carnbe
maintained. Extending the trench dper than 2 fedbelow the seasonally low
groundwvater level would provide addedigbility to the systenand the benefitost
should be evaluataduringfuture design phased.he top of the trench will comde
with the suface oft h e s B erhpbranawoiing patform, whichwill be about2
feet almve the seasorigllow groundvater level.

1 Distribution trench on the downstam (north) sidef the gillway. Thepurpose bthis
trench is to redistributeolleced groundwater dowstream of th sscant pile vall ard
prewent the goundwater leel downsteam of the spilvay from dedining below its
historic natural level. The diribution trenclwill be located 1 feet downsteamof the
spillway and will be onfigured similaly as dacribed abovéor the colletion trench.

1 Connecto pipes to cavey water from the colletion trench ¢ the distribution tench.
These pipes will bsolid 1Ginch PVCpipes tlat are 22fed long andcormect the
collection trench e to he distritution trench pipe. Teconnector gpes wil
peretrate through the seantpile wall, and a lowpemeable seakill be used to
redwce seepage through thesdlyanetrations.An estineted eigh connector ppes
will be spaced at approximdge260 feet alonghe didribution andcadllection trench
alignmens. The colletion ppes distribution pipesand connectopipes will have a
hydraulic capacity that is oeds of magnitudéigher ttan the collectionand
distribution trenchesand theefore the proposetbnfiguration ofconnecor pipesis
appropiatefor conveying flowsthrough thespillway wall and maintainingimilar
groundwater levels on botides of he wall.

1 Trerch Backfill Plugs. Both the upstreanollection trench andie dowrstream
distributiontrench will include intemittentsegmentsvherea solid 10-inch PVC ppe
is instlled instead oé slotted ppe and the trench is filled with lovpermeals
backfill (plugs) instead of fikr material. Thege pugsare anticipaté to beabout 20
feet longand spaced about eve2§0 feet alonghe collection anddistribution
trenches. The purpose of the backffllugsis to promote groundwater floacross tk
spillway alignment (i.e,. through the connectoripeg instead of flowirg alongthe
length of the ollection or distributn trenches.

1 Manloleswill be instaled about gery 260feet along the collectiongnch and
distribution trench at thetation ¢ eachconnector pipe These manholes will
provideacess tahe cdlection trench pipes and disttibon trench pipes for
ingpedion and naintenane of thesystam.

1 Gates Reguating gateswill be installed in the maholesin the coledion trenchat
the upstream end of tlnnedtor pipeandatthe dischargeend of thecollection
trench pigs Simiar to the backil plugs, the purpose of segatesis to promote
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grourdwaterflow through the onnector gpesinstead of along the collection tdn
pipe. Thesegateswill allow various segments of tlggoundwater conveyance system
to be adjsted indivdually to acommodate ptential local vaationsin alluvial
propertieor othe characteristicsf the hydogeologic system.

1 Monitoring wells. Additionalmonitoring wells willbe installed upstream and
downdream of the spillway alignment tecord pre and pos-Prgect groundvater
levels. Thegateswill be adjustedsotheconveyance syst@ generally mincsthe
existing groundwaterystem We anticipatéhat some initl gateadjustments will be
required b calibrate system penfmance immeiately after construction.Locations
of additionalmonitaing wells will be identified in future phasgof design

12.3 Dam Embankment Groundwater Conveyance System

The dam smbankment groundwater conveyanggstemwil | be the toe drain fahe
embankmat dam Thetoe drain will mitigagé any rises in thgrourdwater elevabons hatwill
be ause by the barriewall bebw the embankmentain. The toe draiwill be installed rear
or slightly above the seasdlyahigh groundwater table. Graowlwater leves thd rise above this
historic leel will be colleded bythe toe drai, andthis water wil be redistributeadlownstrem
of the embankmerdam when it flowsalong segrants of hetoe drain pipe that are abotres
naural groundwater table. @ditional ifformaton aout the performance ohis system is
presentedn the folloving fctionand inSecton 10.1.

12.4 Groundwater Conveyance System Discharges

Grourdwater ad seepageallectedin the davnstrean embankmentoe diains will be distibuted
into the goundwaer in a similar nanner ashe sgllway groundwateiconveyancesysem.

We anicipate that a Subteanean waterng Permit (General Brmit Number COG603000)
will berequired fran the Colorado Department of Puld Health and Enviroment if the
embanknent be dain pipe wago collectgroundwater and dischaeghe waer orto the
grownd suface or a sudce wate body. Requirements of tis permit include monitoringf
daily flow rates aml waker chemistry testinga denonstrate thatie collected groundater
doesnot exceed th water quity standard for the oeiving surface water boyl.

Because of thespermitting requremaents, in our opnion, it is not desirable tdischarge
colleded goundwater onto the groundusface. Instead, wdesigned the toe din pgpe ©
redistribue collectedgroundwater within thesubsurfae. We anticipag¢ thatsome of the
calectedgroundvaterwill re-infiltr ate along the length of tisotted toe drai pipeas t
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flows through locatinswhere the pipesiabove the naturgrourdwate table. Exiitration
areaswill also be proviéd downsteamof the embakment where collectd watercan be
reintroduced to theggroundwater system. Weiokeswill be providedwithin vaults
periodicallyalong the toe draimlignment for flow maitoring. To provideredundancy
flows cdlected by thaoe dran pipe that do nore-infiltrate within the dran sysemwill be
discharged intdviele Channelhoweer, in our opinon, surface water discharges wibe
highly unlikely.

12.5 Groundwater Modeling
12.5.1 Baseline Groundwater Modeling

RJH developed Baseine Model to suppud thedesign of the groundwater cogyance
system. The objective othebaseline gpundwater modéng was b develop a model thah)
reasonably appximated the existing gumdwate conditions neathe ste, (b)couldbe used
to asses@mpects to the nral goundwater conditions from pposd Projectcomponents,
and (9 coud be usedo supporthedesgn offacilities to mitigatehose impacts.

RJHdeveloped a conceptualoaiel ofthe hydrogeologt systen basedn subsuiace
informaton okiained duringour Plasel Geotechnical Investigain (RJH, 2019) andised
MODFLOW-USGto developa numerical Basdine Modé of the existing hydrogplogic
system ear the Project Site. €numerial modé was calbratedto Siteconditiors
measued n 2018/2019 and thenweighedscaled RMS error of théesad/ state and
transient modecomponents wer#&.2 and 1.1 percetn respetively, which arewell below the
accepable value of about 5 pgent (MDBC, 2001). We carludedtha the Baselindiodel
provideda reasonable @poximaion of the existing groundvier system in he Poject
vicinity andwas suitéle for ewaluatingimpactsof Proje¢ componentandsupportingthe
design of mitigationdatures.

Additional informationaboutthe Baseline Mdelis presengd in the Baséhe Graundwater
Model Report (RIJH, @21).

12.5.2 Preliminary Design Modeling

12.5.2.1 General

Groundvater maleling peformed to suportpreliminarydesign is described ihé¢ following
sections and addanal information isprovided n AppendixE.
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RJH malified the Baseline Model (RJH, 20p4lightly prior tobeginning prelninary design
moceling. Wedeaeasedhe hydraulk conductivty of bedrock ta2x107 cm/s throughoutite
modelbased on packer tegierformed during ouPhasdl geoechnical investigtion RJH,
2022b). This value isbmut? to 3 orders fomagnitude lowethan thehydradic condudivity
usedin the Basline Modelfor weatheredind unweathered bedrockespectivel, and in our
opinion is reaonable basedhosite dataand our experiercwiththe Pierre Shale.

RJH then ued he modified Baséhe Model (i.e.PreProjed Modd) to simuate the
following serarios andsupport the preliminary design:

1 No Conveyance Sysim Scenario We simulagd poposed facilies D evaliuate
groundwater décts f a groundwater conveyancessgmis not installed.We used
horizongl flow barriers(HFBs) to simulae the eféds of the baier wallsalong the
embankment andround the dention excavatiomand tesecant pile widalong the
spillway. We incrased tie hydraulic conductivity ofalls within the detentin
excavation aa b sinmulate renovalof soil from this pation of the sie. We al®
added a drain boundacgndition withn the detention excavah area to simuaite
howwate that accumulatesiithisarea can flow out through thmantrolled outlet
works conduit. Tk NoConwyance $stemscerario goundwatetevels were
predided tobe up to about 9 feet Higr than Préd°roject levels upstreant the
spillway ard up toabou 9 feet lower thaPre Prgect levels downstream of the
spilway. No Conveyate System sceniargroundvater levelswerealso pedicted 0
be about 3 fet Hgher han PreProject levels denstream of ta embankment dam
near tle west side of tt CU Baulder South campus. Thegpredcted groundwater
effects arenot acceptable, and th@odel results emorstrae that sme ype d
groundwater coveyance systens requiral to maintain prdrojectgroundwater
conditions at the Site.

1 Proposed Conditios Scenao. We added proposeaveyare facilities into the
modelto mitigate the groundeater effects deibed almve. Weuseda drin
boundary comlition along tke west sideof the model to simulatiéhe effects bthe
embankment toe dirapipe. We usedtiighly pemeable cells to simate theeffects
of a collection treoh, distribution trenchand connectopipes alag the pillway.
We iteratively ajusted the cdirgurationof the proposed facilitis until the
conveyance facilities apppriately mitigaked thegrourdwater effects. Thénal
Proposed Condition Scenariewktbped during the prelimary design modang
consisted osegmentedollector and distributiontrenches.Each segment was
modeledas 300 feetdng and 30doot gaps ohatural alluviumwere smulaed
between each segent. One connector pipe was simiddto connect each segment
of thecollecta trench to eachegmnent ofthe distribution trench. Segnented
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collector and distributiotrenches wereequired to prevent eerssive flows bwads
thenorthwest alog continuais colkector and distribution trenel. The simulated
Proposed Condibns confguration is showron Figure12.1.

12.5.2.2 Proposed Conditions Scenario - Head Results

Although the grondwater model was dewgled using mothly stres periods torepresent a
complee hydrogeologic season, fargiminary design RJH only evaluatéead onditons
during e typcal nor-irrigation month whemgroundwate is generally low (Noveimer) and
one ypical irrigation monthwhen groundwadr in irrigatedareass generallyhigh (ne).

The simulated changésthe groundwater levels betwetie Pre-Project andPropogd
Conditions scenansfor NovemberandJune a shown on Figures 12ghd 12.3,
resgectively. Blue shadedeas on Figures22 andl12.3represenareas okimulaed
groundwater mounding (e,d?roposed Conditions groundwater levahe pralicted b be
higher tharPre Project levels) andredshadedareas represent areassofulated
groundwater decline (Proped Conditions grandwvate levels are predied tobe lower than
PreProject levels).Darker colors represent greater moundingledine. Areas hat are
within +/-0.10 foot of PreProject groundwater levelsra not shaded to imprewclarity. The
numericd magnitudes omounding or decline are ab show by cdlouts at selected
locationson the plan figures.

The head radts onFigures 122 ard 12.3show the bllowing, which in ouropinion
demonstrates thatgundwater conveyancadilities will adequatgi maintain PreProject
groundwater levelafter mnstrudion of Project facilities:

1 Along the west side of the sitie pralictedgroundwakr impats are tpically
limited to lesshan +/ 1 foot and genehy occur along the endnkment dam
alignment orCU property.

1 Upstreamand downstream of theifivay, groundwater levels are geadly predicted
to change by lesian +£0.25 feet throughout the OSMP Noth and Soth fields

1 Adjacent to the spillway aligment and north of theetention excavation, ¢h
groundwaterével is predicted to change morkan +£0.25 feet ands predictedad
dedine up to about 1 t@.6 feetin localizedarea, however these chiages are
acceptable inar opinion because theypycally occur within theCDOT ROW and
developedireas where digesin groundwater level are naiticipated to cause
adverse effects
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12.5.2.3 Proposed Conditions Scenario - Flow Results

We evaduated themount of groundwatetdw that is prelicted to @cur beneath US36 for
the Proposed Conditior&cenario. Simulaked flowswere extracted from thmodel wsing the
same tebniques asekcrbed in theBaselineGroundwater ModeRepot (RJH,2021). The
prediced Proposed Cadlitionsflow beneath $36simulated minor redistributioand
decrease of flows ngingfrom 0.2 © 14percent; however, the totéllows bereath US36
werewithin about2 percent of he PrePrgect flow rates ér evay mont of the nodel
simulation, which inour opnion is negligble and within tolerable limits.

The highest flow rate mated through anyof the proposed connector pipess abat 14
gallonsperminute(gpm). A 22-foot-long 1Ginch PVC pipecanconvey ¥ gpm under
negligible head (much legkan 01 foot), and thertore the connectgpipes are antipiated to
have adequateapaity for conveying fows across thepillway dignmert.

12.5.3 Groundwater Modeling - Conclusions

We cortlude the 6llowing from he esults d groundwater modeling:

1 TheBaseine Modd providesa reasonablapproximation of the»asting groundwater
systemin the Prgectvicinity andis suitable for ewaluatirg impacts of Projec
componets and supporting degn of mitigationfeatures.

1 Project canponents are anticipated t’eat una&cegable chages to exisng
groundwater conditias if mitigation featres are rot installed.

1 TheProposed Contions Sceario illustrated on Figur&2.1 geneally maintains Pre
Project groundwaterievels adis an aceptable design solutionGroundvaterlevel
impactsare predminantly limited to areasn CU Boulder Southaonpus, CDOT
ROW, and develped areas imnukately adacent o Project facilitis. The mdeled
scenario is udal for sugortingthe preiminary desig of groundwater mitigatin
systems

1 Cdlection and distribuion trenches along the@i#way will containpetiodic backfill
plugs andjates andmultiple conrector ppes that will facilibte opeational flexibility
for regulatng the distrbution of flow through the systemnd restict groindwaer
from flowing alang the lengths of the trehes.

1 Componentwf the groundwateconveyancesystem hae ample hydralic capacity.
A 10-inch pipe wasdected to acommodate access for lontgrm inspetion ard
maintenance.
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1 The preliminary design dhegroundwater conveyance system is reliabsidsuitable
for 30 pecentdesign. Cofigurationsof Projectcomponents wilbe rdined aghe
desgn progresss. Also, in fuure stages of design we will use groundwater
modelto confirm that the desigsolution performs acceptably under a range of
opeaating conditons, incluing varability in aquifer properties, precipitdon, and
evaporatiorrates, at.

1 Additional monitaing wells will need to be instald nearpropcsed &cilities to
collect existing(i.e., preconstruction) groundwater data and alimr monitoring the
effectiveness of convegncefacilities.
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SECTION 13 - OUTLET WORKS

13.1 General

Theoutle works will extend from the detention excavatieauth d US36 to Viele Channel
north of US36.Theoutlet works will allow the lower portion ohereservoir pol to dran to
meet SEO damalety reguremens and waterightsrequirements.The inletwill beset atEl.
53430, which is the bottom of thdetation excavation. The outlet will be sett&I. 5340.0,

which is the invert elevation of Mie Chaanel noth of US36 Tunnding will be required for
the potion of the oulet works conduibelowUS36.

RJH performedhydraulic malelingto identfy a preferredsize and configuration for the
outiet works(see Section 9). Based on the results efribdelng, the otlet works will
consist ofasingle 6Ginch diameter pi withintake and outlet structuge This configuration
will resut in a peak disharge o0f350cfs through the outletorks during he 100-year flood
event. The portioof the resewoir that des not freby drain © SBCwill drain through the
outlet worls in agproximately10 hours whichmeetsboth SEO and water rightsiteria.

13.2 Intake Structure

The intake structre will consis of a 14.5foot-high, reinforced cotrete rise sructure. The
intake $ructure wil be locaednearthe upstream toe tfiedeention excavation in the
northead corner of hedetention excavation Thefront, sidesand top of the sticture will
include openings covexd by trashracksThe intake straturewill have interor dimensions
of 7-feetby 105-feet, which were $ectedto provide sufficient accgsfor maintenarce and
to provide sufficient opearea to meeSEO and MHFD tragiack velocity regirements,
which limit velocities b 5 fps (50percent clogged and 2 fpsrespectively. The trasiracks
along the front andides & the gructure will be vetical. The trashrack along the top of the
structure will be doping. This mayprovide redundancfor trashrack ogging since its
possible thathte different trashraclshapeswill have diffeent clogging mechanisms.
Theoretcally, the trashack coutl beabaut 80 percent clogged beforewill becomea
hydraulc restriction andmpact drairtime ofthereservoi.

The intake sucturewill generdly be exposed beasseit will be locatedat the upstream toe.
This may ncreag the likelihood of vadalismandsafety risks from pedestrians climyy the
structure. Another optio will be to enbed the itakestructure in the detdion excavation
slope ad replace the ertical trashecks witha sloping trashrack. Thiswill significantly
reduce the vibility and exposure of the structure.
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13.3 Conduit

The autletworks conduit wl consist of a730-foot long 8-inch diameter pipe.
Approximately 480 feedf pipe will beinstalled in an open egavation and encased in
reinforcedconcete and tunneling wllbe requred to install approximatelg50linear feet of
pipe below US36.

Lithos performed &unnel feaibility evaluation. Aunnel feasibility techn& memorandum
wasdevebpedandis presentedn Apperdix F. In generallLithosdid na identify anyfatal
flawsthatwill preclude construction of a tnel. Lithos ewaluated the fesbility, advanages
and disadvantages afeveral tunneling methods inding ppe ramming, mimtunnelboring
machine MTBM), and shielded tuntieg:

1 PipeRamming Thistechnqueinvolves ramming a steel casing acrdss alignment
prior to excavatig material from withn thecasng. This methd has the lowest risk
of overexcavatio and settlemerthan gher feadble mehods and is typically faered
by other stakeholdersThis mdahodis also better able to extend thghucobbés and
boulders thanther methods, and thiesk for abandonment ioilver. The practical
maximum ength fa this techniqe is abait 300 t0320 fed. This method may cause
vibration concernsand $ecific vibraion monitoring and instrumentatiovill be
required to manage orrgvent claims.

1 MTBM: This technique uses a pressurizetating cuihg head to excawate the
ground. Ground support is pvidedby a jacked piperowith erected supporiand
with a pressrrized bentoniteslurry at the exavation fa&e to counteearthpressures.
MTMB has the abity to displace or break apgdarger boulérs athe cuttirg head;
howeve, nested boulders andlables can be challenginglf the MTMB fails to ait
throughbouldersor cobbles, aascue shaft aewateredunnel may ke requied to
salvage thenachine. Thistechnique is often sigficantly moreexpensie and
schedule intensive and requires a muchrdgerstaging area thanlogr echniques.

1 ShieldedTunneling Thistednigue involvegxcavatiorwith handtools and/or a
hydraulc excavator armtahe heaaf thetunnel Grourd supprt is providedoy a
jackedpipe Full alignment dewatering may be di€ult to achievewith this
techique, whichwill limit the ability to have a stablexcavatioriace for this
method. Een closely spacedell-points and dggwdls within bedrak mayonly
prove maginally effective at lowering thegroundwater table sufiiently to have a
stable excavaibn face.

Lithos identifiedthatthe pipe rammindechniques the preferretunnelingmethod with the
least overall projectisk. Pipe rammingvill be used to inatl a $-inch diameter steécasirg
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pipe beneath US36. Elsize of the ceingpipewas séected to faciliate advancesntpast
potentiallylarge boul@rsandto provideflexibility for installing the carrier pipe #he
desred gade. The tunel alignmentwill be oriented perpendiculara US36, whichs
typicaly preferred by CDOT, andvill be about 25@eetlong, whichis an appiopriate
distance for pipe ramming. B0-inch steelcarier pipewill be installed witin thecasing
pipe and the annulusetween he carier pipe am casing gpewill be grauted. Theportion
of conduit upseam ofUS36 will consst of aconcreée encaed 60inch steelpipe that is
installed with an open exavation rather than a tunnel tocanmodate the pipe rammg
lengthlimitations A 30-degree bend wWibe required in tle conduitbetweenthe portion of
the condit installed n the ogn excaation and the portion that isihneled.

Thetunnel will requre an approximately 2fbot by 4Gfoot launch shaft and 20-foot by
20-footreceiving shaft. The tmnel will be installed from ugtream b downstream toeduce
the constructin impacs northof US36(size of work area, dation that wok is being
performed, number of traffic/deliveriegic). The launch shaftill be constuctel in the
CDOT ROW. Theeceivng shaft willbe constucted onOSMP property tdhe nath of
DCD2. The rece&ving shaftwill also be used to prade a supportedxcavation for
corstruction of the outlet structure

13.4 Outlet Structure and Discharge Channel

Theoutlet structurewill consist of a rmforced onarete,baffled outlet fructure at the dowriseam
erd of the canduit. The outlet strucire was sized usg the ReclamatiofEngineering Monograph
No. 25 Hydaulic Design of StillingBasins ad Erergy Dissipators(Reclamation1984. The
required basin wdth for a 6Ginch diamegr pipeis 17 feet. These dimensiaae basedn the
proportiona relationships fom model studies pefmed byReclanation.

Riprap will beinstalled inViele Channel in ta vicinity of the outét stucture for erosion
protection Thehydraulic modehg descrbed in Sedbn 9 was performe asuming Viele
Channel dwnstream of US36onssts ofsignificantshrub and tre growth Someof this
vegetationwill needto beremoved to istall theoutlet gructure and riprg. As theProject
advarces we will evaluak whether adtibnal vegetatbn removal andmaintenancén Viele
Channel beteen US36 and South Boulder Rloaill provide hydralic benefitsto theProjed.
Removingexistingvegetation from the channel would increase Wardwlic capacity, and this
may provide sme downstream flood befits.
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SECTION 14 - SITE DRAINAGE

14.1 General

TheProject faciities will impactViele ChannelDCD2, US36 wildlife cossng, andsite
drainageunderUS36. Adisaussion of impacts tot®drainage and potential solutions is
presentedbelow.

14.2 Viele Channel

Viele Chamel extend through theorthwes portion of the CU BouldeSouth canpus. The
alignment of the embankentdam ha gererally been located schiat he downstream toe of
the embankment is about 50 fedrom the top of theight bank of Viée Channel. RJ
performel a hydrologt andhydraulic evaluation to identy the impactsf flooding in Viele
Channel orthedam embankmat.

The Viele Chaneal watershed at the Projestte s approximately 1.2 square miles. The
watershedextends southwest the Projecsite though multipleresidential neghborhoods
and into ®anahan Hill.Viele Lake is located in approriatdy the centeof the watershed.
Viele Lake is formed by bbw-hazard, jurisdictional dam. Viele Lake Dam consisif an
approximagly 24-foot-high embankrant dam with a appoximately 90-foot-wide excavatd
earthen spiway throughthe right abutment.

RJH performedhydrologic analyss toidentify peak flow rate in Viele Channel at the
Project site during the PMFThe hydrologic aalyses were pérmedin accordance ith the
SE O dHgdrologic Basin Resptwse ParameteEstimation Gudelines(SEO, 2008andthe
SEO Ruésand Regulation¢SEO,202(). Viele Lake andpillway do not have sufficient
hydraulic capacityd rout the PMF, ahthe damwill breach dringthe PMF. A breach of
VieleLake was inclded in the hydralgic anaysis Based on the alysis peformed ty
RJH, the controllig PMFevent in Viele Channeltthe Poject site is the -hour Local
storm. Thepeak flow rate fothis event is @33 cfs

Additional information reggarding the Viele ®@annel hydrologi@valuaton is presented in a
technical memorandm in AppendixG.1

RJH performed hydraulic angsesof the PMF in Viele Channel at the Project sifEhe
embankmentvill need to be dsignedo safelywithstanda PMF n Viele Channel. Te
segment of Viee Channkadacent to the damnebarkmert variesand corsists of a
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comhnaton of the following: @enchannds, a detention pond, and culventsderroadway
crossings.The channel andulverts arenot sizel for anextrane flood evehlike the PMF
and will overtop. A portion of the oertopping flows will discharge onto the@vndream
slope of thedamembakment

The flow regime beyond the main chahatViele Channelvill consist ofshallov ovetand
flow. RJHdeveloped atwo-dimensional hydraulic modelsing HEC-RAS 5.0.7. An infbw
hydrograph was gedfor the boundary @ndition at the upsti@m em of the nodel and consisted
of the Viele Channel PMhydrograph deveped by RJH witta pealkflow rate of 6030 ds.

Baseal onthe reslis of the HECRAS modé veloctiesalong a majorityof the downstream
slope d the embankmedrwill be less than.B feet pe semnd during the PMF. These
velocitieswill not be expectedtcause erosionf grasscovered eattfill materials. There is
an approximately 13@ot-long segnentof the downsian slopewhere thevelocitieswill

be ketween about 2 to #ps. The flowdepths in this arewill be less than 2 feefThese
velocitieswill likely notcause ersion of gasscoveaed earthiil materials if the grass cover
wasmoderaely dense If grass cove is not densethen minor erosiowill be expected We
do not antigpate that minor erosion in this aredl be adam safetyisk.

In RJ] H 6 s iom oiential impacts to he cam embakment from an extreme flood in Viele
Chamel appearto be nefigible, anda grasscovered slope shouldébadguate to mintain a
stable erhankment and more robust erosion protettid the downsteamslope is not requred.

Additionalinformaion regardimg the Viele Channel hydraulic evatiam is presented in a
technicd memaandum inAppendixG.2

14.3 Dry Creek Ditch No. 2

DCD2is owneal and maintainedypthe DCD2 Compay. Flows n the dith are dverted
from SBC aproximately 1.8 miles upstaen of the Project site DCD2 conssts of aneathen
ditch from thepoint of diversion hrough OSMP prperty to the Project site. Multiple
turnou structures areocated along tkisegment othe ditd that failitate food irrigation of
OSMP property sat of US36.

DCD2 extendsinderUS36througha 6-foot by 4-foot reinfaced concrete box culvet. The
culvertdischargesnto a 6foot-wide by 3foot-high rectangular conetelined cranné
downgream ¢ US36. The conceete linel channel transitions to a2s-foot-wide by2-foot-
high concretdined channel @proximately 85 €et dwwnstreamof the cuvert and discharges
into an approximately-foot-wide earthen ditch 375 feet downsam of he culvet outlet.
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The @pacity of the ditch aries significantly byocation and ranges from 20 to 375 cfs.
Based m information from the Gty of Boulder WateiResources Degstment, he decreed
water right in DCLI2 at the headgate is 4fls, whichwill be verified with the DCD2
Company during future design phases

Thespillway alignment intersect®CD2 approximgely 75 feetupsteam of US36. The
Project will need tdbe desigedto facilitate caonveyarce of thedeaeed flowrate in tle ditch
and maintain the ability to floodrigate OSMP progrty. The porton of DCD2upstreanof
US36 is currentlyand will coninue to beinundated during large dlod events in SBC.
However,the deph andduraton of inundaton will be higher than gisting conditions.

For the 30percent dagn, modificatian to DCD2will consist of &tendingthe ypstream face
of the culvert though the pillway wall. Thiswill accommodate futur@perationan DCD2
without obstruction fromthe Project. Based on fdraulic modeling performed by the Project
team (see Sectio®), theProjectwill increasethe 100-yearwater surfae elevation at the
US36 culertby approximately 2.5 f (1.1 psi) andvill increase he 100yearflow through
the culert by 70 cfs (fran alout 290 to 360 cfs). These increases irsquree and thw

throudh the civert shoull beaceptable ér an RCEC, but this should beonfirmedwith
additional analyses.

Additional information egardingDCD2is presettedin a technicd memoraum in
Appendx G.3. Additional coordination with DCD2 @npany willbe performed in be next
stage bdesign to dscuss modificabns to their &cilities.

14.4 Wildlife Crossing

A wildlife crossng extend unde US36approximatelyt00 feet westof SBC andconsists 6
adual4-foot by 16foot RCBC. Thewildlife croseng was installed as part of thkS36
widening project implemented by CDOT in 26. An aproximately 9-acre areato the south
of US36 dains directly to the willife crosing. This areawaspreviously dained b an
adjacentculvert below US86 andto SBCprior to theinstallation of the willlife crossirg.
The wildlife crossingwill also dischrge flows fromSBC duing aflood even.

The spillway alignment is locatedpproximatdy 75 feet upstream of thfaceof the wildlif e
crossing. Thevildlife crassing willbe extended to the upstredaoe o the spillway wall to
facilitate wildlife access. Based on ydraulic moceling perfomed by the Prgd team (see
Section9), the Rojectwill increasehe 100year flow through the wildlife cr@sg by 55 cfs
(fromabout810to 865cfs). Thesencreases il ow thraugh the culvert shouldeb
accepale for an RC, but this slould be cofirmed with adlitional analyses.
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145 US36 Culverts

The OSMP property soltof US36 drains through serief culverts below US36.The total
drainage area is ggroximately60 acresnot including the OSMRrea tlat drainsto BC.
These culerts inclue the US36 Willife crossing and DCD2 crossimiscusedabove and
multiple smaller culverts. Thensaller culverts include two 18inch by 24-inch elliptical RCP,
one 24inch by 36-inch elliptical RCP,and ore 24inchRCP. These culverts diserge to
OSMP property on theorth side of US36 and areetsto cowvey stormwaterunoff during
flood events and routinerigationflows.

The spillway alignmeinis locaed gproximately65 feetupstreanof the face ofthese
culverts. Flowsfrom the area southof the sjllway will be obstructed by the spillwavall.
We undersaind that tk culverts need to convey routinggationflows to maintain hétoric
irrigation pattens on boh sdesof US36 andlbw from rouine rainfdl and snow melt
events. @eoption toaddeess this issuwill be to extend the teerts tothe faceof the
spillway wall. However, thisvill notaccommodadrainage of ther@abetween the US36
embankmentand tre illway wall. To mantain dainage othis area and to conveyutine
irrigation flows, we propose to install small opegs in hespillway wall dire¢ly upstream
of each culvert excefor thewildlife crossing ad DCD2, which will be extendedthrouch
the spillway vall. The smallopeningswill be sized to convey rdime rrigation flows and
flows from routine precipitan and smwmdt events but willnot convey an excessive
amount ofwater duimg aflood event orSBC thatwill resultin overoppingof US36 and
subsequenflooding of the West Valley. Additional hydauic modelng will be performed in
the next stage afesign to $ze thes openings.

14.6 CU Boulder

The entirety of the O® land use area and about 55 acres of the PUBUs@drea othe

CU Boulder Soutltampus property will drin into the detention eagation. Approximately
70 acres of the PUB land use area will drato the area betwedhe dam embankment and
roadway embankment, which will not freely drain to an asljadrainageway. A culvert will
be installed through th®outhLoop Driveeartherramp to drain this area into the detention
excavation.A flap gate wil be instdled on the culvert outlet to prevent water in the
detention area from entering the PUB larsé area. timay be desirable to discharge this
culvertinto Viele Channkinsteal of the detentiomrea andhould be evaluated in the next
stage of dsign
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SECTION 15 - SITE GRADING AND ACCESS

15.1 General

Site grading ad site access improvements Wik requiredto suppet the Project facilities
discussedn the proceedingectonsandto meet Project design criteria. Site gradwill
include the deention excavation and miscellaneous grading needed to promoteagieydr
Site access modificatis wil be required br South Loop Drive and the mulise trail. The
Projectwill alsoinclude construction of new access roddasuigh thesiteto provde access
for maintenance and operation.

15.2 Site Grading
15.2.1 Detention Excavation

To ensureliat he Projet doesnot cause additional flooding on th&in stem of SBC
dowrstreamof US36, the Project must be configured tamtein or eduwe flows
downstream of South Boulder Road for the design event. Based onlityydnadeling (see
Section 9), ketween 73 to 105 a-ft of detention storage is requiredlbw the existingground
to achieve hydraulic and floodplain desigrteria.

The cetertion staage will be achieved by excavation on the northern portion of the CU
BoulderSouth campusThe detetion excavaton gradig plan was developed to include the
following features:

1 The lottom of the excavation will be at EI.384to facilitate diainage to \fele
Channel on the north side of US36. This will prevent the formafiarpermanent
poolin the déention excawation, whch is undesirable because it copldmote
mosquitohabitatandcatail and wetland vegetation.

1 Low-flow channel appreimately 2feetdeep and at a O4zercent slope. This should
provide sufficient draiage to prevergtagnationn thelow-flow channéandwill keep
areas outside of tHew-flow channekelativdy dry during routine conditions. Téi

should promote thegrowth of desirable riparian and upland vegetation outside of the

low-flow channel réher than cattés and othewetland vegettion. It will also allow a
majority of thebottom d the exavationto berelatively dry for maintenanceesss

1 Inflow rundown consistirg of a grasdined open channel rather than a concrete or

grouted riprap chute. Theflow rundown will be gradedt a 0.5percentslope to reduce

the risk oferoson during darge flbod event.Theinflow rundown will direct flows
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toward he ®uth e o the excavation rather than the north end to reduce the likelihood
of sediment andebris beinglepo#ted directlyat the outlet wiks intake structure.

1 Side sloges no steepahan 4:1V for aestletic and maintenancersiderations.

Additional refinemen of the gradingvill be needed in th nex stageof desgn to reduce
these impets.

Sincethe excawtion will bebelow existing groundwater elevations, arlea wall is needd
to keep the excavatiorfrom calecting groundwaterwhich will render it iné ective for
detentionstorgge The barriemwall will be similar to the barrier wall deribed abwe for the
embakment dam buwvill extendaroundthe perimetr of the detentio excavéion. The
barier will consistof a 3foot-wide soil-bertonite karrierwall that will extend 5 feet into the
undetying Pierre Shale bedrock.

The detention ecavationwill be within 200feet of the upstream toe of the dam, which
vi ol at e sRuledharl Regla®ids sOur embankmerdnalyses conseated this
excavaibn, ard it does noposea gability risk to theembankment. We will obtain a waiver
from the SEO for his variance.

As described isection9.3, the detention exavation gradinglpn pregnted in the 30
percent design results in localized m&ses (up to 0.foot) in the 106/ear water surface
elevation downstream of the sit€he currentletention excavain grading wil be modified
in the next phse of desigro meetthe desigreriteria. Currentlythelowest elevationn the
detention are& about 1 fobabove the invert elevatiasf the outlet worksnlet structure.
We expect that the additionaheead storagecanbe attainedoy lowering the bottom of the
detention excavatimareaand by adjusting the slpes within tle excavation

15.2.2 Miscellaneous Site Grading
Miscellaneous sitgrading will berequired agacent to tle primaty Project facilities. The

site geding will be develped todrain to the closstrespectivadranageway(SBC, Viele
Channel, detention excation, etc.)
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15.3 Site Access
15.3.1 South Loop Drive

South Loop Drive will le theprimary access point toelsite for permanent (post
constuction) acess. The alignment of the embankmearhéxtends acrosSouth L@p
Drive. South Loop Drive wilheed to be reconstated to provide acess ovethe
embankment dam.

An eartherroadway ramp will be construatigha extends over the ebankmemndam. The
top width of the earthen roadway raml be 80-feet wide in acordance with the
Annexation Agreement between thgyGand CU (City and CU, 2021) A 24-foot-wide
paved aspalt road will be constructed on top of thetken roadway rams patt of this
Project. CU willbe responsible for fute improvementsotSouthLoop Drive.

The rampnorth of the dam embankment wilke a less thara 4-percent slopewhich was
sekcted based omadway design criteria preseniedhe City ofBoulderds Design ad
Construction StandasdBoulder, 2020) To the suth of the dam erbankmert, the eartfll
roadway ramp will extend alondné wesern edgeof the detention evavation The top dthe
eathen roadway ramp #is location wasset at tle sane elevation athe 508yea flood
water surfaeelevation(El. 5368.0).

15.3.2 Site Access Roads

Permaent access roads will be teed b provide acces to Project facilities for future
mainterance activitiesand to access CU propertan aggregate acess oad wil be
installed along the crest of the darccess 6 the embakment ém crest will be from South
Loop Driveandwill include a vehicle turneound nearhe right end of the embankment.

As the dsign progresses, the Cityahd cansider theneed to insth permanent accessads
at the folowing locatons:

1 Along the downsteam toe of the embankment between Vigbai@el and the
embankment. Aiswill provide access to toe drains folgetation
removal/maintenance along tdewnsteamslope.

1 Along the upseam toe of the ebankment. Thisvill provideaccesgor vegéation
removal/maintenance along thpstreanslope.
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1 Along theupstreansideof the spilway wall. Thiswill provide access to
groundwater corsyancesysem marholes.

1 Intothe detention excaation. Thiswill provide aacess fortheremoval of sediment
and debrs.

15.3.3 Multi-Use Trail

The dignment of the sjiway connection tdJS36 extendsaoss the existing muttise trail.
An approximately 30dootlong segment of thexiging multruse trail will be demdished
and reconstructedt this location. An eathfill ramp will be plced éong both sides of the
spillway wall at ths location to acommodate the muidtise trail. The slopes of the mulise
trail earthfill rampwill beat 20H:1Vbased on créria from Boulder Parks and Reeation
Design Stadards Manual (Boulder2021). Thewidth of the reconstrueid multruse trail
wasset to match the width of the existing trail.
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SECTION 16 - ENVIRONMENTAL PERMITTING, MITIGATION AND
RESTORATION

16.1 Environmental Permitting
16.1.1 Clean Water Act

The Cty will need to obtain EWA Section 404 permit to cotract the project becaesof
anticipated impacts to wetlandUSACE will be the lead regulaty agecy for this permit.The
RJH Team anthe City peformed a site walk with Matt Magomery withUSACE on Augtst
17, 2021. Based on this site walkSACE provided the following preminary opinions:

1 Thewetands along th&/S36 corridor andiorth er of the CU Boulder Sdh
Campuswill likely not be considered jurisdictional wetlands besathey are not
directly connected to SBC and lack inundation itygical year.

1 Wetlands alongiele Channel may beonsdered jurisditional. If theg wetlands
are jurisdictional, tin the Soutth.oop Drive malifications south of US36 and the
outlet stucture north of US6 will impactjurisdictionalwetlands.

1 The wok in Viele Channel north of U5 could likely be pemitted under
Nationwide Permit IWP) 7 for Qutfall Structures.

1 Thework in Viele Channel sout of US36 for South Loop Drive modificatiomsuld
likely be permttedunder NWP 14 for Linear Transportation.

1 The Area of PotentidEffectwill likely only be defined tanclude areaslang Viele
Channel. HowevetJSACEwill likely reviewthe BiologicAssessment for the entire
Project site.

USACErequested thethe Cty submit a request foujisdictional detamination.

The RJH Team dumitted a request foujisdictional eétterminatiorto USACE on Noverher
11, 2022.The USACE provided an Approved Jurisdiocnal Determination letter on May 20,
2022 TheUSACE determined that Viele Channel an@D? meet the definition for wats

of the Lhited StatesWork impacting Viele Channel arfdCD2 will require a Section 404
permit. A copyof therequest for juridictional determinatiomnd Approved urisdictionad
Determination letter anerovided in Appendix+.

USACE will also requirghe development ofa Biological Assesment and Cultad
Resource€lass Il Report. The eant of ecological restoration will neeal Ite identified
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prior to thecompletion otthese reporiso this areaan be iluded in thebiological and
cultural evéduations.

16.1.2 City of Boulder Wetland Permit

A City Wetland Pemit will be required to costruct the Project because of anticipategads
to wetlands The Gty Wetland FRermit will be based on Projetnpects to delineatd wetlands
not just those eemed juridictional byUSACE. The City Wetland Brmit will require an
approved CWA Section04 permit and a Compensatory Wetland Mitigaprior to appreal
by the City. An initial meeting was held wht Gity Planning Cepartment stff to discuss
permit requiremets and proces Additional work for ths permit ha not been advanced.

16.2 Environmental Mitigation and Ecological Restoration

Wetland mitigaibn will bereqiredto c omp | y wi tedm, Wdiland, @kivatgr 6 s
Body Regulations, while requires migiation at a atio betwen?2:1 and 2.5:%or wetland
impacts, depending on the quglof the wetland. Wetland mitigjan will also berequired

for the CWA Section 40germit if impacte wetland seas exceed 1/1@re. Mitigationof
ULTO and PMM habitatwill also likely be regired byUSACE. Consultation between
USACE and USFWS will & performed to discuss tigiation strategies

Theernvironmental mitigation will beconstruted onsite in the OSO portion of theCU Boulder
South campsiand will beperformed in conjaction with alarger ecological restoration of this
area. The goals bthe environmental migation and ecologidaestoation include:

1 Removal of the axsting levee embdmment to reconnect the GO aea tothe SBC
floodplain and ripaan cormridor.

1 Develpment of newvetlands while maintaining current wetlands in the@&ea.

Development of new&E habitat while sstainingcurrentT&E habitat conditionsn
the OSO area.

The environmental mitigatroandecobgical resbration concpts will be identifiel in the
next phase of design.
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SECTION 17 - OPINION OF PROBABLE CONSTRUCTION COSTS

17.1 General

The RJH Team deloped arOPPCbasedon the preliminarylesign concepts presented in
this report. ThisOPPC is onsidered a Class 3 estimatedafined by tle ASTM E251611.
This class designation is used when the designivggle® 10 percent and 40 percent
complete. The reliability of a Clas 3 estimate aceding to ASTM is between minus 15 to
plus 20 ercent. Costs are presented in April 20@2llars.

Cod opinions were developed by estimating quantities of elements wfoitkebased on the
preliminarylevel design chwings and unit costsexre developed @m the following sources:

1 Published and nepublished bd price data for similar work.

T Manufacgt wsruempdd er sdé6, and contractoros budc
1 Ourinternal debase, previous experience, and judgement.
1

R.S. Means HeagvConstruction Cost Dafar 2021.

The fABase Const r9) isthesumrof c&its bf the woek liteinarerBIy

defned. The ADi rect Construction Sudidnot al 06 (DCS)
contingenciesFor Preliminary Desiga contingency &wance of 25 percent the BCS

was used to account for unit pricedagquantityvariations, variable market cdiions, and

uncertainty at this phase of desighhis percentage will likely deease as the Project is

better defined in sigequent stages design. Other Projecbsts that are required to

implement the Prog are intuded as a percent of the BCSfaldows:

1 Desgn Engineering:9 percent of the BCS

1 Construction Engineering anddvlagement12 percent of the BCS
1 CLOMR/LOMR Engineering ath Fees:2 Percent of BS.
1

Environmental Permittingl Percent of BCS

A summaryof the OPPC is presented in Tali7.1 and @pporting information is presented
in Appendix .
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TABLE 17.1

OPPC SUMMARY

Category Cost
General Iltems $9,606,000
General Earthwork $4,730,000
Embankment Dam $2,424,000
Spillway $11,213,000
Instrumentation $178,000
Barrier Wall $1,404,000
Outlet Works $3,935,000
Site Drainage $375,000
US 36 Multi-Use Tralil $181,000
Bonds and Insurance $510,000
BCS $34,556,000
Contingencies (25 percent) $8,511,000
DCS $43,067,000
Other Costs $7,948,000
OPPC $51,015,000

The OPPC is based on preseoral opinions and may @mge as more design details are
developed.Actual costswill be affected by several factors beyandrent control, such as
supply and denral for the types of construction required a time ofbidding, the Project
vicinity, changein mateial suppliercosts, changes in labor rates, competitiveness of
contractors and suppliers, availability of quadifl bidding contractors, changes in agqtile
regulatory requirements, change in ecoimoonditions, and changes in design stzwis.
Condiions and factis arising as the Project proceeds from developmenighrbidding and
construction may result iroastruction costs that differ significyfrom the estimate
provided in this Report.

17.2 Basis of Cost Opinion
Design concefg and consierations areidcussed in Sections 4 through ¥aditional

consideréions used to develop the OPPC are as falow

9 Stripping and stockpiling topsoil Witonsist of removing the top six inches of
existing topsil.

1 Demolitionof existing CUBoulder SoutHacilities will include the demolition of
fencing, concrete pavemeatmaintenance building, and tennis cou@®me items
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associated with the demobn of the maintenance building are unknown hsas if
the building contais asbestos, drcosts assaated with unkown items were not
included.

Erosion and sediment cwal will consist of a silt fence extendiragong the limits of
site disturbance.

Ecological restoration will include mitigatinmpacts tovetlands at ratio of 2.5:1.
For each acref wetlandsimpacted by the Project, 2.5 acres of ecological resborat
will occur. Costs for additional ecolagpl restoration beyond what is requirfed
wetlandmitigationarenot included. Someof the céculated wetland impacts are
located in areaef temporary disturbance and it is possible that impacts to these
wetands could be reduced.

The cost for importe fill includes ©st of placing fill fran off-site excavationand
the material, loadigy and haling costs. An off-site fill saurce has noyet been
identified, so we considered a-frflle haul cycle for the imprted earthfill materials.

Temporary signagand traffic catrol for the U836 multruse path consists oéur
signage placed ene500 fe¢ along the detour as well asestch intersetion. Two
barricades will also be placed at each end of the delidwe.construction period is
assumed to be I8onths and temponasignage will be iapected daily by traffi
control personnel durg the costruction period.
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SECTION 18 - CONSTRUCTABILITY CONSIDERATIONS

18.1 General

RJH identiied anticipated constructivadivities and Site conditionthat are expeded to
impad theconstruction of Pra@ct facilities. Constictability items, alongwith a brief
discussion of keyssuesandpossible methods to address eachuss are preided kelow.
Additional constructaility evaluationswill be performed in the ext stage ofdesign.

18.2 Contractor Staging

Construction acvities require staigg areas for contractor trailers, equipmenmpated
materials, and stockpile areas. Itgenerdly desiralde to locate contactor stagingreas
outside of the construcin footprint if possible. Foihis Prgect, thiswill be posible if the
entirey of the staging area was located on the CU Baer PUB Iand use areaFor
preliminary desig, we have estimaig dmensons for he contractostagingarea based on
our expeience with similar projects arfthve asumed the contractoraging areawill be
locaied onthe CU Boulder PUB land use aresatth of the eathen roadway ramp

If the PUB landuse area is not available formibactor stagingthen tie contractor staging
areawill need to be located on eitltee PKkU/O land use aeeor the OSO land searea
ThePK-U/O land use areia generaly locatedthroughout the footprint of the pposed
detention facility, and th©S-O land use area is the locationpbposed mvironmernal
mitigation and ecologicatestoration Stagng in either of these areasll likely require
sequening constructiorto acommodite contrator stagng and relocatinghe stagingarea at
some pint duing construction.

Coordination with CU Balder will be requied in future stgesof design to evalate wether
the PUB land userea can b used for comactor staging

18.3 Earthwork Balance

Primary onsite borrow sourséor the Progd include thedetention excavation, CBoulder
levee, and CUBoulderwed berm. Requir@ excavation the areas are ashated to
produce abou230,000cubic yards CY) of borrow materia Primaryfill areas include the
dam embankmeraind earthen roadwagamp andareedimated to regire about 300,000 CY
of fill. We antici@te that the embankmentredZone 1)will be obtained from finegrained
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soil in the CUBoulderwest berm, whereanateial from the remaining excaviains could be
used for the embankment shell (£0B) andhe eartherroadway ramp

A significant quantity tleast 70,00@Y) of eathfill will need to bémported to the Site to
constructProject facilities. This quanty couldincrease depending on the volume of
excavated material that cannot be dder fill becauseof excessive boulders other
undesiral® materials.At this time, an offsite borrowasirce has not been estshed.
Potential offsite locations sld beidenifiedin the next phase of dgs so the/ can be
secured,and appropriatpermitsobtained in advance of bidding tReoject. It isour opinion
thatidentification aml procurenentof thislargequantityof import maybe very difficult
duringa lddding pocess. Eathwork balance will also be faicted by material shrinkage (i,e
new fill is compacted to a higher unit ight than material in the borrow areas)dremova
of oversize particles (describedhithe nextsection), which W be furtherevaluated in
future phases of desigrAlso, only two borings were drilled in thievee and one boring
encounteredome dbris. Itis currently unknown if this delsriis bcaized or throghou the
levee which could impad the volume that can hesed or fill materal.

For this level odesign,we cansidered that specially gradedgrggates (embankment Zone 3
and Zonet andbackfill for the groundwater conveyancgstem trenches)will beimported to
the Site fom comnerdal sources. The practicalibf processingnsite soils to produce
these produs should be evaluated in futurégses of design.

The current design does notlude an allowance for an onsite weaatea. Future stagesf
design should evaluathich miscellaneous materiageeneragéd during the work (bentonite
slurry, bentoniteamended soil, material excavated frasacant pile shaftgpobblesand
boulders etc.) will besuitable to incorprate nto permanent fill if these materialcouldbe
left onsiteor if they will needto be dispsedof offsite.

18.4 Oversized Particles

Oversizd particles (i.e.cobbles anthouders) are expected to exist throughout atlavium.
Oversized particles will abbeencounterd within fill soils onsite, howesr basd m current
datathe fill is expetedto contan smallersized and less frequentersized particleshan the
alluvium. Addtional test pits should be performigdthe next phase of inviégation to ketter
characterize theverszed material®nste. The poposed construction techniquesg, pipe

ramming for the tunnel and secariepifor the spillwayoundaton) were selead because

these are preferred foandling oversized particde
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Oversizedpatrticles inthe alluvum areexpeced toprecudethe ug ofscrapers to excawat
materals. Also, depending onwhere the excavated allium will beused for fill, screeimg
of the materiamay ke requirel to remoe oversizedparticles Theapproximatequantity of
oversized raterials that mayea to be stockiled or removed will be develegd in the rext
stage of design.We anticipatehatexistingfill materials will beable to be excavateding
scrapers and wibe able to be pladairectly as fillwithout screening.

Oversized materials excaed fromthe barriemwall dignmentswill also needd be
selectively remowed from sodbentonite backfill. Supplementahi-grained soil may need
be incorporatethto soilbentonite bckfill if the mateials excavated from #barrier wall
trenchesre too carse.

18.5 Construction Water

Construction weter will be neededor moisturecorditioning earthen fill, mixingoenonite
slurry andsoil-benbnite bag&fill, dust suppesson, ard other uses. We agtpate
constructian watker will be provided ly the Cityfroma neaby hydran. The contrator will
beresponsibldor transporting or coreying water from the source to thige. The logistics
associated with usg City-suppliel construction water shoulae further evaluated ifuture
stages of designObtaining constructim water fromonsite saurces sah as existingvater
stored in pong runoff, groundwateror from groundwaterthat is dewatered from other
Projectalignmens shouldalsobe evaluatedKey issues wilbe waterights, water gality,
and waterquantity.

18.6 Construction Space Constraints

The spilway and groundwater careyance systemwill be consructedon CSMP property
south & US36 toavoid impatsto existing utilities within the CDD ROW. For the 30
perent design, we have assied a ®@-foot-wide constructia corridor drectly souh of the
CDOT ROW boundary lsad ondiscussios with City and GMP stéf. Thiswill
accommodte the excavation ofa 56-foot-wide working platform with 1.B:1V side slopes.
An excavatedwvorking platfom slightly above the groundvter levelis requredto install the
groundwater conveyeesystem collection and digbution trencheswithin standard trench
boxes insteadf in excessively deep shored excavagioT he 56-foot-wide datformwill
accommodatéewo laresof equpment traffc, each withsuficient width for an excavator and
dump tuck. However, the 56foot-wide platbrm will not provide sfficient space for
stockpiling excavated materials along sl way alignment.
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There ae twogeneraloptions tomanage he large volume of eavaed materialalong the
spillway alignmentwhich consist of the follomg:

1. Largescale stocgiling of dl excavatd materialcouldoccur within he contractor
stagirg area.The materialvill then be hauledackto the sgiway alignment br
backfiling the completed structure This additional meement of material will dd
cost and dration to he Project.

2. Stockpilingonly enough materialvithin the contractor stang areao open an irtial
work area aing tre spillway alignment Subsequent nterial exavaed dong the
spillway will be placd directly to backfill the adjacent coteped work as
construction progressedongthe spillway. This optionwill redue the overall
handling ofearthwork;howeuer, it could sigrificantly limit the produtvity and
increasehe duration of specialty cetruction (i.e. secant pile installatic).

A wider working platformandconstructio corridor will bebeneficialto simplify and
facilitate constuction; howeve, thiswill encroab further intoOSMP propet.

Theoutlet works outlet structure will & consructedwithin a 30-foot-wide corrida onthe
northsideof US36 between DCD2 andele Channel An approximately 2@t by 20-ft
braced exavaion will be used for dth constrution of the outlet structure arabareceivng
pit for the tunnel which will reducethe area of irpact aad reduceherisk to impact DCD2

Congruction of the soitbentonite barrier walls requireflat to gradually slopd platformand
a work aea alongone &de of the trench, which Baaminimumwidth that is equkto the
depth ofthetrench (i.e., bout 20feet) fa stockpiling and mixing backfillmaterid. The 30
percent desigaccommodatethis need.

18.7 Demolition

Demolition activities vill include demdishing the CU Bouldertemis courts CU Boulder
maintenane buiding, andmiscellaneous existingtsi utilities,fencing, and trails Demolied
facilities will need to be hued off-siteard disposd of by the cantractor. It is possiblehat the
CU Bouldermaintenance buildig could include asbestos ortber pdentidly hazardous
materials thawill requirespecialty procedures fdrandling The mateial that needs tbe
demolished andisposedof will be evduated in thenext phase afhedesign

Other facilities to be demohedinclude utiliti es, £ncing, a portin ofthe CU crosgountry

trail, and a poibn of the concrete muHuse trail. We amtipate demolitiorand disposal of
thesefacilities should b draightforward.
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